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INTRODUCTION 


The Orbit Maneuvering Engine of the Space Shuttle will use a regeneratively 
cooled thrust chamber. Present plans call for using MMH as the fuel and 
coolant for the engine with NTO as the oxidizer. Under Tasks I and II of 
Contract NAS9-12802, Rocketdyne investigated, analytically, several thrust 
chamber cooling concepts and fuel coolants. Using the criteria of perform- 
ance, reliability, safety, maintainability, cost, and development risk, 
Rocketdyne concluded that the regeneratively cooled chamber using amine fuel 
was a superior combination. 

Under Task IV of the contract, Rocketdyne fabricated a regeneratively cooled, 
electroformed thrust chamber. The chamber simulated flight type hardware 
in all areas except the inlet and outlet manifold configuration, which were 
designed for test flexibility and low cost. The thrust chamber was tested 
with two like-doublet element injectors in Tasks V and VIII, and the results 
reported in Data Dump ASR73-349. The thrust chamber assembly demonstrated 
safe, stable operation over a wide range of operating conditions at a 
moderately high performance level. 

Under Task X of the contract, an integrated thrust chamber was fabricated 
which simulated the injector-end configuration of a flight type thrust chamber 
assembly. A test program was conducted under Task XII to characterize the 
steady-state stability, thermal, and performance characteristics of the 
integrated thrust chamber assembly, as well as limited tests to investigate 
transient characteristics. The results of these tests were published as 
Data Dump ASR74-117. 

Task XII was continued to experimentally investigate:' l) the start, shutdown, 
and restart characteristics of the integrated thrust chamber; and 2) perform- 
ance and thermal conditions for blowdown operation and for operation without 
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supplementary boundary layer cooling. The results' of this test program 
are described in this report. 
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SUMMARY. 


A total of 116 tests and 744 seconds were accumulated during Phase II of 
the Integrated Thrust Chamber Test Program. All of the tests wc ce conducted 
with the electro formed regeneratively cooled thrust chamber and the* like- 
doublet No. 1 injector. The injector diameter is 8 inches and the injector^ 
to-throat distance is 14.7 inches. Most of the tests were conducted with 
the heat sink/radiation cooled nozzle having an area ratio of 72 to 1 . 

Tests at low chamber pressure and tests with zero boundary layer coolant 
were conducted with a radiation cooled nozzle having an area ratio of 9 to 1 . 
Including previous tests, the integrated thrust chamber has been fired 156 
times for a total duration of 1190 seconds and the No. 1 like-doublet injector 
has been fired 284 times for a total of duration of 1695 seconds. 

A series of tests were conducted with various posttest purge and flush 
sequences to determine how the engine might be returned to ambient tempera- 
ture between multiple tests. It was decided that no flush or purge would 
be used between tests in order to avoid possibility of contaminating the 
engine. A brief series of tests were conducted wherein the fuel valve 
signal delay time (relative to the oxidizer valve signal) was varied from 
100 milliseconds to 0 milliseconds. No significant change in pressure or 
thrust overshoots or * g ' level at start resulted from these variations. 

Hot engine restart tests were conducted by firing the engine until it reached 
thermal equilibrium and then shutting down for various coast periods ranging 
from 1 to 180 seconds. These tests were conducted with ambient temperature 
propellants and with cold (approximately 45 F) propellants. This series of 
conditions resulted in starting the engine with no propellants in the manifold, 
residual fuel only in the engine, and both residual oxidizer and fuel in the 



ASR74-229 
Page k 


engine. One 1500 g spike was recorded at oxidizer prime with no engine 
damage. A 530 g start was also recorded but could not be repeated. All 
other starts had acceleration spikes of less than 130 g. Accelerations 
of 15-40 g's were recorded with normally operating valves at ignition. 

Thrust overshoots as high as 160% were recorded. No damage was done to 
the thrust chamber. 

A series of tests was conducted with coast times ranging from 0.3 to 180 
seconds wherein the engine was fired 1 second each time between coast 
periods. This was termed a warm-engine start and represents the minimum 
firing duration required of the OME. Maximum ’g’ levels at start and 
thrust overshoots were only 20 g's and 120 percent, respectively. These 
tests were conducted with ambient temperature propellants. 

A final series of restart tests was conducted with the engine being fired 
for a duration of only 0.2 seconds between coast periods. The coast periods 
ranged from 2.5 seconds to 14-1/4 minutes. Maximum 'g' levels were 
about 20 g's at ignition for all coast times. However, acceleration spikes 
as high as 180 g's occurred at oxidizer prime (before ignition) for long 
coast times. The maximum thrust overshoot of 150 percent occurred at a coast 
time of 2.5 seconds but there was considerable scatter in the data. Ambient 
temperature propellants were used. 

No hardware damage was incurred as a result of any of these tests which 
indicated that the OME can be safely restarted without any limit on the 
coast time. 

A series of tests of 5- second durations were conducted with unsaturated 
propellant at lower than nominal chamber pressure to investigate engine 
operating characteristics under propellant tank blowdown conditions. Tests 
at 80 and 75 psia chamber pressure resulted in chugging at start which 
damped out during the tests. At 65 psia chamber pressure, the chug persisted 



ASR74-229 
Page 5 


throughout the test. The chugging occurred at frequencies of 115 to 510 Hz 
and did not appear to be detrimental to the engine. The tests results 
indicate that under conditions of smoothly decaying tank pressures and 
unsaturated propellants the engine could probably blowdown to approximately 

65 to 75 psia chamber pressure without chugging. 

/ 

A fuel depletion test was conducted for a duration of 4.5 seconds. The 
test was started with very little fuel in the fuel tank and ended with an 
indicated mixture ratio of 4.4 although assessment of the mixture ratio 
is difficult because the test data indicate that slugs of helium were also 
entering the thrust chamber. After the test, the thrust chamber was 
observed to have a number of blue streaks in the combustion zone particularly 
in the converging section. A dye penetrant test on the thrust chamber did 
not indicate any cracks or leaks and testing was continued. 

Supplementary boundary layer coolant is supplied to the thrust chamber by 
orifices in the periphery of the injector. These orifices were plugged 
for one sequence of tests which were conducted over a range of chamber 
pressures and mixture ratios. Comparison of these test results with results 
of the Phase 1 tests indicate that at nominal conditions a performance gain 
of approximately 1.5 seconds I s results from the elimination of the BLC. 
Concurrently, the heat load to the regeneratively cooled chamber increased 
by approximately 26 percent which would result in a safety factor of 1.2 
at off-design conditions (P c ^ 120 psia, O/F = 1.73, Tf = 100F) . 
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TEST HARDWARE 


The hardware used for the test program consisted of a regeneratively cooled 
thrust chamber, full size and truncated radiation cooled nozzles, and a 
^k6-doublet injector. The injector and chamber were designed to closely 
simulate the thermal and dynamic characteristics of flight type Hardware. 

All components were bolted together and sealed with either metallic or 
elastomeric 0-rings, as appropriate. 

A drawing of the thrust "chamber assembly is shown in Fig. 1. Table 1 provides 
a summary of the regenerative cooled chamber design characteristics. The 
combustion chamber has a length of 14.7 inches and a contraction ratio of 2:1 
with a throat diameter of 5.820, The expansion area ratio of the regenera- 
tively cooled nozzle is 7:1. The inner wall and the lands of the chamber 
are 521 CRES, and the channels are closed out with electroformed nickel. 

The thrust chamber was designed for the heat flux profile shown in Fig. 2. 
Channel sizes are such that the minimum safety factor is approximately 1.5 
at a fuel inlet temperature of 100 F, chamber pressure of 120 psia, and 
propellant mixture ratio of 1.85. The coolant jacket itself is flightweight 
with nickel closeout thicknesses as thin as 0.025 inches at the throat. The 
fuel inlet manifold is a heavyweight configuration to reduce cost, but 
simulates flight manifold volume. The coolant outlet manifold is more critical 
thermally and represents a typical flight design. 

The completed regeneratively cooled thrust chamber is shown in Fig. 3. The 
thrust chamber was extensively instrumented to measure outside wall tempera- 
tures as described in Table II and shown in Fig. 1. Additional engine instru- 
mentation for Phase II tests is described in Table III and shown in Figs. 4, 

5, and 6. 

Accelerometers were initially mounted as described in Table III but were 
relocated after Test IHT 1-1-4 onto a diameter line oriented in the 30°-210° 
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TABLE 1* Demonstrator Thrust Chamber Design Characteristics 


COMBUSTOR 


Contraction Ratio 

2:1 

Length , in 

14.7 

Cont our 

Tapered from n in. 
upstream of throat 

NOZZLE 

Re gen Section Expansion Ratio 

to 7:1 

Nozzle Extension Expansion Ratio 

7:1 to 72:1 

Contour 

Flight parabolic 

COOLANT 

Circuit 

Counterflow 

Number of Regen Coolant Channels 

120 

Coolant Pressure Drop, psid 

15 '' 

Coolant Bulk Temperature, Rise, F 

178 

Auxiliary Film Coolant 

2.7% Total Propellant 


Channel Dimensions at throat, inches 
Width , in ch es 0.114 


Height, inches 0.068 
Channel Dimensions near injector, inches 


Width, inches 

. — - j — y 

0.114 

1 

Length, inches 

0.042 


MATERIALS 



Hot Wall (0.030 in.) 

and Lands 

CRES 321 

1 Cold Wall (0.030 in.) 


Electro formed Nickel 

Nozzle Extension 


CRES 



HEAT FLUX, BTU/ir-SEC 


INTEGRATED THRUST CHAMBER HEAT FLUX PROFILE 



AXIAL DISTANCE FROM THROAT, IN. 


Figure 2 
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TABLE II 

ENGINE TEMPERATURE INSTRUMENTATION LIST 


1 

Location, 

j Temperature 

Degrees 


TFB-1 

TFB-2 

TFB-3 

TFB-4 

TFB-5 

TFB-6 

TFB-7 

TFB ; 8 

TINJ 

T34 | 

T35 

T36 

T37 

T38 

T39 

T40 

T8 

T9 

TIO 

Til 

T12 

tl3 

T14 

T13 

T16 

17 

18 
fl9 
T20 
T30 : 
T41 
T42 
T43 
T44 
T45 
T46 
T47 
T48 
T49 
T50 
T51 
T52 
T53 
T54 


Fuel Temp - T/C Outlet Manifold 

Fuel Temp.- T/C Outlet Manifold 

Fuel Temp - T/C Outlet Manifold 

Fuel Temp - T/C. Inlet Manifold 

Fuel Temp - T/C Inlet Manifold 

Fuel Temp - T/C Inlet Manifold 

Fuel Temp - T/C Inlet Manifold (Top) 

Fuel Temp - T/C Inlet Manifold (Bottom) 

Injector Body 

Ni Back Wall GSTA+3.0 

Ni Back Wall @STA+3.0 

Ni Back Wall @STA-Q.3 

Ni Back Wall 0STA-O.3 

Ni Back Wall 0STA-2.O 

Ni Back Wall @STA-2.0 

Ni Back Wall 0STA-2.O 

Ni Back Wall ©STA-10.0 

Ni Back Wall 0STA-1O.O 

Ni Back Wall 0STA-1O.O 

Ni Back Wall 0STA-1O.O 

Ni Back Wall 0STA-6.O 

Ni Back Wall 0STA-6.O 

Ni Back Wall 0STA-.3O 

Ni Back Wall 0STA-.3O 

Ni Back Wall <§STA +3.0 

Ni Back Wall <§STA +3.0 

Skin Temp - T/C Inlet Manifold 

Skin Temp - T/C Inlet Manifold 

Nozzle Flange - T/C Side 

Nozzle Flange - T/C Side 


300 

30 

120 

0 

255 

90 

260 

260 

45, 

90 

270 

90 

270 

0 

90 

180 

0 

90 

180 

270 

0 

180 

0 

180 

0 

180 

0 

180 

0 

180 


0STA-2 . 0 

f 270 

0STA-4. 0 

i 0 

0STA-4.0 

j 90 

0STA-4. 0 

j 180 

0STA-4.O 

1 270 

SSTA-6 .0 

( 90 

0STA-6.O 

1 270 

6STA-8.0 

1 0 

0STA-8.O 

i 90 

0STA-8.O 

180 

0STA-8.O 

270 

0STA-13, 0 

0 

0STA-13. 0 

90 

0STA-13 . 0 

180 


75, 155 


_L 
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TABLE II 
(Continued) 


f 

! 




NOTE: 0 degrees reference plane located 90 degrees clockwise from inlet 

manifold looking aft. Locations noted are clockwise from 0 degrees 
reference plane. STA location (±) from throat with aft (+) . 



ASR74-229 
Page 13 


TABLE III 

LOCATIONS OF MODIFIED INSTRUMENTATION FOR ROCKETDYNE 
INTEGRATED T/C RESTART TESTS 


Acceleration 

GA-0, GA-1, GA-2 On thrust mount as close to engine mounting bolt circle 

as possible. 

On injector oxidizer dome. Tapped hole fui.iished. 

Temperatures 

TFV (TOV) Tack weld to engine fuel (oxidizer) valve outlet adapter 

approximately 1-inch from valve flange. -1 and -2 refer 
to top and bottom sides respectively of adapters. 


TFD (TOD) Tack weld to fuel (oxidizer) duct approximately 1-inch 

from engine connector. -1 and -2 refer to top and 
bottom sides of the ducts. 


TINJ 

TFB-7 

TFB-8 


On injector at radial location shown in Fig. 5 (45. 75. 
and 155°). 

In boss shown in Fig. 6. 

In boss shown in Fig, 6. Bottom out thermocouple then 
retract 0.1 -inch. 


Pressures 

PF1L* 


PF2L* 

PP1L* 


In drain port in coolant inlet manifold 90° CCW from 
inlet flange (looking aft) 

Use tee in TFB-2 port to measure both temperature and 
pressure. 

P01 port and 1/8 tubing. 


P01 (high pressure. In port shown in Fig. 7 using drilled out fitting 
high response) furnished. 


PF2 (high pressure, Onto special fitting welded onto PF2 boss on dome shown 
High response) in Fig. 5. 


*These parameters require isolation valves to prevent transducer damage during 
mainstage operation. Sequence the valves to open 5 seconds after the cutoff 
signal. 
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DRILL .209 THRU 



FIGURE k. BOSS MODIFICATION - OME THRUST CHAMBER, 

EWR #R21 A 638 SCALE: 2/1 MCW I- 8 - 7 A 
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direction (coolant inlet duct at 270 °) as follows: 


Accelerometer 

Location 

Range 1 g 1 

Output 

4006 

Thrust Ring 

±2,000 

Analog 

4007 

Ox. Dome 

±200 

Analog, Oscillograph 

4008 

Thrust Ring 

±200 • 

Analog, Brush 

4097 

Ox. Dome 

±1,000 

Analog, Oscilloscope, CSM 


After test IHT 1-3-6 accelerometers 4006 and 4008 were relocated to the 
inject or/ chamber flange and accelerometers 4006, 4007, and 4097 outputs were 
recorded directly on oscillograph as well as the other formats shown above. 

The TFD-2 thermocouple was actually welded to the bottom of the fuel duct at 
the low point in the system about 5 inches upstream of the inlet. The TFB-7 
and -8 thermocouple bosses were added at the same circumferential location 
as TFB-5 to record fuel boilout during posttest vacuum soaks. Low-level 
pressure (15 psid) transducers were added to provide vapor pressure/ saturation 
temperature correlations with the fuel temperatures and to indicate propellant 
depletion. Close coupled high-pressure transducers were used to record the 
transients in fuel and oxidizer injection pressures and fuel coolant jacket 
inlet pressure. Chamber pressure instrumentation was not configured to provide 
high response transient data. 

The injector used was a like-doublet (L/D No. 1), which had 186 elements 
arranged in nine rows. Oxidizer orifice diameters ranged from 0.032 to 0.038 
inches, while fuel orifice diameters ranged from 0.028 to 0.033 inches. The 
injector included 68 orifices (0.020-inch diameter) to provide boundary layer 
coolant amounting to 2.7 percent of the total propellant flow at nominal mixture 
ratio. Injector characteristics are summarized in Table IV. 

A flight contoured, radiation cooled CRES nozzle with G = 72 was used to 
provide realistic thrust overshoot and sideload data for the restart tests. 
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TABLE IV Injector L/D No. 1 Characteristics 


Diameter, in. 8.200 

Number of Elements 136 

Number of Rows 9 

Type of Elements Like Doublet 

Oxidizer Element Diameter, in. 0.032/ 

(minimum/maximum) O.O38 

Fuel Element Diameter, in. 0.028/ 

(min imum/maximum) 0.033 


Pressure Drop @ Nominal Flows 


Oxidizer, ps i 56 

Fuel, psi 62 

Number of Acoustic Cavities* 8/A 

Mode Suppression 1st S 3rd 

Tangent ia 1 , 
1 s t Ra d i a 1 


*Cavities formed by chamber and injector 
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A radiation cooled Columbium nozzle with. 6 = 9 used for the tests at low 

chamber pressure and no film cooling to eliminate the chance of chamber 
damage from high side loads. 
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TEST FACILITY 


The thrust chamber assembly was tested at the White Sands Test Facility 
at Las Cruces, New Mexico. Figure 7 is a photograph of the installation 
which is shown schematically in Figure 7a. Fuel (MMH) and oxidizer (NTO) 
was stored and conditioned in 2000-gallon propellant tanks external to the 
vacuum cell. The propellant was pumped from the external tanks to the two 
60-gallon tanks inside the vacuum cell simulating the OMS tankage exits - 
Line sizes and lengths from the propellant tanks to the OME interface were 
configured so as to simulate OMS ducting. A flow meter was located in 
each propellant feedline between the tanks and the engine interface. A 
common pressure source was used to pressurize both the internal and external 
fuel tanks. 

The fuel sides of two LM descent engine valves were used as the engine pro- 
pellant control valves. Fuel valves were used for both fuel and oxidizer 
sides because these valves contained the actuators and the position indicators 
Each valve was series and parallel redundant including upstream isolation 
valves and downstream shutoff valves. Positions were measured on one of the 
isolation valves and one of the shuttle valves for each propellant. The 
valves were located so as to provide a slight positive drain into the engine 
inlets in an attempt to simulate the depletion which would occur after shut- 
down under zero 'g* conditions. The ducting between the valves and the 
engines was configured to simulate typical line volumes and sizes for the 
flight OME as shown in Fig. 8. 

Provisions for'G^ purges were made downstream of the valves. Provision for 
an isopropyl alcohol flush was also made downstream of the fuel valve. A 
water spray ring was provided at the radiation side of the regen/radiation 
nozzle interface. Finally, a high volume air cooling purge of the radiation 
nozzle was provided to cool the nozzle afteT testing. The steam ejector was 
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Figure 7. Engine Installation at WSTF 
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Figure 8. Propellant Inlet Ductir 
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able to pump the capsule down to a pressure of approximately 0.06 psia equiva- 
lent to an altitude in excess of 100,000 feet. A complete list of facility 
instrumentation is given in Table V. 

The test operation at WSTF was initiated with a vacuum pump evac.u; ion of 
test stand 401. This operation was performed about 2-3 hours prior to the 
actual test operation. The engine test stand was then readied for operation 
by pressurizing the propellant tanks to the required run pressures and assur- 
ing that the engine stand and the engine instrumentation were in readiness 
for the test. With this assurance that the engine was ready for testing, the 
hyperflow gas generator system was started and brought up to full operation. 

At this time, the altitude capsule isolation valve was opened to permit the 
hyperflow action to pump down the altitude cell to the final run pressure. 

The cell pressure was continuously monitored, and when it reached 0.1 psia, 
engine test activity commenced. The first event, at sequence time equals 
zero, was activation of the "fire switch." At this time, the electrical 
signal was simultaneously applied to both fuel and oxidizer main propellant 
valves. For tests in the first part of Phase II, the signal to the fuel valve 
was delayed by as much as 100 msec to assure a definite oxidizer lead. 
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TABLE V 

TEST INSTRUMENTATION 




■ 




) 

i 



Recorder 


l 

\ Parameter 

Range 

1 

TMP 

OSC 

Brush 

Digit 

i ' ■ " 

1 

\ Thrust 1A 

0-5000 Lbs 

X 



x 

i Thrust IB 

0-5000 Lbs 




X i 

Thrust 2 A 

0-5000 Lbs 

■X 


X i 

Thrust 2B 

0-5000 Lbs 



: 

x 

Thrust 3A 

0-5000 Lbs 

X 



X ! 

i Thrust 3B 

0-5000 Lbs 




X ! 

Total Vertical Thrust 

0-15000 Lbs 

X 

X 

X 

x ! 

! Horizontal Force 1A 

±1000 Lbs 



X 

x i 

: Horizontal Force IB 

±1000 Lbs 



• 

x 

1 Horizontal Force 2A 

±1000 Lbs 



X 

X 1 

Horizontal Force 2B 

±1000 Lbs 




X 1 

Horizontal Force 3A 

+1000 Lbs 



X 

X 

| Horizontal Force 3B 

±1000 Lbs 


■ 

j 

i 

X 


X j 

f 

Axial Acceleration GA-1 

0-3000G 

j 

x ! 

} 

j 

' Axial Acceleration GA-2 

0-200G (CSM) 

. 

x 

x ! 

\ 

; Axial Acceleration GA-3 

0-200G 

■ 

X 


l 

i 

j Fuel Valve Position } 0-100% 

1 

X 

X 1 

i 

Fuel Valve Position j Open/Closed 

! 

X 


i 

f Oxid. Valve Position 

0-100% 


X 

X 

i 

j Oxid. Valve Position 

j j 

Open/Closed 

i 

X 


\ 

4 

i 

< Fuel Flow 1 

0-100 GPM 

x 

1 

X 

1 X ! 

Fuel Flow 2 

0-100 GPM 


j 


X 1 

! Oxidizer Flow 1 

0-100 GPM 

X j 

■\ 

X 

X ! 

j Oxidizer Flow 2 

0-100 GPM 


i 


x i 

r 

j Fire Switch Signal 

On/Off 

x i 

i 

x ! 

x ! 

j 

x j 

i 

[ Fuel Tank Press. 

0-300 PSIA 

X 1 

i 

s 

\ 

X 

i' Oxid. Tank Press. 

0-300 PSIA 

x 

\ 

i 

X 

j Fuel Valve Inlet Press. 

0-300 PSIA 

i 

1 

X 

X 

| Oxid. Valve Inlet Press. 

0-300 PSIA 

1 

j 

x . ! 

X 

1 Cell Press, High 

.0-15 PSIA 

x . ! 

? ' ! 

X 

t Cell Press, Low 

j 

0-1/2 PSIA 

X 

1 

£ 

i_J 

X 
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TABLE V 
(Continued) 


r- 



Recorder 

Parameter 


Range 

TMP 

OSC 

Brush 

Digit 

Fuel Inlet Manifold Press PF1 


0-300 PSIA 

X 

X 




X 

j Fuel Inlet Manifold Press PF1L 


0-15 PSIA 






X 

i Fuel Injection Press PF2 


0-300 PSIA 

X 

X 




X 

! Fuel Injection Press PF2L 


0-15 PSIA 






x 

t Oxid Injection Press P01 


0-300 PSIA 

X 

X 




x 

Oxid Injection Press P01L 


0^15 PSIA 






x 

Chamber Press 1 


0-200 PSIA 



1 

t 


X 

Chamber Press 2 


0-200 PSIA 

X 

X 


1 X 


X 

Fuel Temp, Tank 


32-150 F 

X 





x ! 

Oxid Temp, Tank 


32-150 F 

X 





X 

Fuel Temp, F/M 


32-150 F 




, 


X 

Oxid Temp, F/M - 


32-150 F 

X 





X 

Ox Temp, .Valve Inlet 


-50-150 F 

X 





X 

Fuel Valve Outlet Temp TFV-1 


-50-300 F 




■ 

• 

! 

X 

Fuel Valve Outlet Temp TFV-2 


-50-300 F 

X 





X 

Ox. Valve Outlet Temp. TOV-1 


-50-300 F 






X 

Ox. Valve Outlet Temp. TOV-2 


-50-300 F 

X 





X 

T/C Fuel Inlet Duct Temp TFD-1 


-50-300 F 

. ■ 


. 



X 

T/C Fuel Inlet Duct Temp TFD-2 


-50-300 F 

X . 





X 

T/C Ox. Inlet Duct Temp. TOD-1 


-50-300 F 


. 

] 


, 

x 

T/C Ox. Inlet Duct Temp. TOD-2 


-50-300 F 

X 


t 


S 

| 

X 

All Engine Propellant Temps 


-50-300 F 



i 


i 

s 

[ 

All Nickel Backwell Temps 


-50-300 F 







All Nozzle Temps 


32-2500 F | 





( 

i 

i 


Engine Temps on TMP‘- 


i 





j 


j T9 -Nickel Backwail @ STA-10 S 90° 


X 


1 


• j 


T19-Inlet Manifold Skin @ 180° 


i 

X 


! 


t 


Nozzle Backwail @ STA + 9.9 $ 

0° 

i 

X 


i 

'$ 

j 


t 

.c 


Nozzle Backwail @ STA + 7.8 § 

0° 

i 

i. 

X 



i 

f 


TFB4- Jacket Coolant Inlet 


( 

X 




\ 

\ 


TFB1- Jacket Coolant Outlet 


1 

X ! 


1 

i 


! 

i 

V 

j 




* 

_i 

1 


f 
' t 

_1 


1 

i 

_1 



XXX 
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TEST PROGRAM AND RESULTS 


The primary objective of the test program was to investigate the OME start, 
shutdown, and restart characteristics to determine if restrictions of the 
mission-duty cycle exists for the current configuration of the OM~ . Secondary 
objective was the investigation of OME thrust chamber operating characteristics 
at very low chamber pressures typical of propellant tank blowdown operation 
and without supplementary boundary layer coolant. 


TEST SEQUENCES 

To accomplish these objectives, the tests were broken down into groups of 
tests called test sequences each having specific detailed objectives or test 
conditions. The number of tests in each sequence and the objectives of the 
sequence are shown in Table VI. A summary of the most significant conditions 
for each test is presented in Table VII. As noted, all tests of sequence 1 
through 6 (except 1-1 and 1-2) were conducted at approximately nominal chamber 
pressure and propellant mixture ratio. 

Twelve tests were conducted in the first test sequence to check out the 
facility instrumentation and engine and to determine the effects of posttest 
purge and flushing operations. All tests for sequence 1 were conducted with 
a 100 millisecond oxidizer valve opening signal lead relative to the fuel 
valve signal. The first test was a 1 -second duration firing followed by water 
spray, flush, and purging operations which brought the engine to temperatures 
approaching 0°F. After these procedures, the engine was restarted, and fired 
for three seconds for Test 1-2. Data from this test was used to reset the 
tank pressures during the 5-minute posttest soak period. Following this 
vacuum soak, the engine was purged and restarted for another 1-second firing. 
After Test. 1-3, a briefer sequence of purging and flushing was followed again 
cooling the engine down to low temperatures. The purpose of these procedures 



TABLE VI 


INTEGRATED CHAMBER TEST PROGRAM SUMMARY - PHASE 1 1 


SEQUENCE TESTS 


PURPOSE 


1 12 

3 35 

4 13 


5 15 

6 17 


7 14 

8 10 


CHECKOUT, POSTTEST PURGE AND FLUSH EFFECTS, 
PERFORMANCE 

VALVE SEQUENCING, HOT ENGINE RESTART, SOAKOUT, 
FUEL DEPLETION 

WARM ENGINE RESTART, SOAKOUT 
HOT ENGINE RESTART WITH COLD PROPELLANTS, SOAKOUT 
AMBIENT ENGINE RESTART, SOAKOUT 
PERFORMANCE, THERMAL LOW Pc OPERATION 
PERFORMANCE AND THERMAL WITHOUT BLC 

TJ 
ft> 

00 


TOTAL 116 


745 SEC DURATION 


ASR74-229 
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TABLE VII 
TEST CONDITIONS 


Test 
Seq. No. 

Ox. Valve 
Lead, msec 

— 

Duration 
sec . 

Comments 

1-1* 

100 

1.0 

Targeted P and o/F 125 psia and 1.5 
respectively for tests 1-1 and 1-2; 

125 psia and 1.65 for subsequent tests. 
Posttest water spray (38 sec) alcohol 
flushing (42 sec) and GN 0 purge.. 

1-2 

100 

3.1 

Restarted immediately after above 
procedures. Five-minute posttest soak. 

1-3* 

100 

1.0 

Restarted without purges after soak. 
Posttest water spray., alcohol flush, 
and GN 9 purge to cool engine. 

1-4 

100 

! 

■ 

0.14 

Restarted after above procedures. Hard 
start and CSM shutdown. 

1-5* 

100 

0.3 I 

One minute of purge (cycling) posttest, 
then restart. 

1-6 

100 

0.3 

One minute posttest purges, then restart. 

1-7 

100 

j. 

0.3 

One minute of posttest purge, then restart. 

1-8 

100 

0.3 

One minute of post test purge, then restart. 

1-9 

100 

1.3 

Che minute of posttest purge, then restart. 

1-10 

100 

0.3 

One minute of posttest purge, then restart. 

1-11 

100 

0.3 

15 sec. posttest purge, 8 sec. alcohol 
flush, 100 sec GN 0 purge, then restart. 

1-12 

100 

35.6 

18 sec. posttest GN2 purge, 30 sec. alcohol 
flush, 40 sec. purge, 5 min. soak. 

3-1* 

10 0 

0,3 

One-minute posttest purge. 

3-2 

100 

0.3 

One-minute posttest purge. 

] 

3-3 

50 , 

0.3 

. 

One-minute posttest purge. 

3-4 

0 

29.3 

Simultaneous propellant valve signals for 
this and subsequent tests. No posttest purge. 


*First test of a vacuum period. 
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TABLE VII. TEST CONDITIONS (Continued) 


Test 

Durat ion 

Pretest Coast 

■«,, ■ ■ - — . , 

Seq. No. 

Sec. 

Time, Sec. 

Comments 

3-5 

14.3 

180 

No post test purge. 

3-6 

4.3 

120 

2 min. posttest purge (including upper 
nozzle external purge). 

3-7* 

32.0 


No posttest purge after this and following 
tests, except each day’s testing or as noted. 

3-8 

14.7 

60.1 


3-9 

9.9 

30.0 


3-10 

9.8 

35.5 


3-11 

4,. 8 

21.1 


3-11A 

4.8 

53.6 


3-12 

• 

4.8 

9.9 

Hard start. 

3-13 

4.8 

10.0 

• 

j 

3-14 

4.8 

4,9 

j 

3-15 

4.8 

2.0 

| 

3.-16 

• 4 ,8 

1.1 

1 

3-17 

4.8 

1. 2 

30 min. vacuum soak. 

3-18* 

0.15 


No tape data during posttest soak. 

3 -18 A* 

0.15 


Pretest purge. Hard start at Ox. injector 
prime. 10 min. posttest soak. 

3-18B* 



Injector rotated. 6 Ox. valve on-off cycles. 

3-18C 

0.94 


30 min. posttest soak. 

3-19* 

31.7 ' 


Ox. valve changed. 

3-20 

9.8 

25.2 


3-21 

. 9.8 

24.4 


3-22 

4.8 

18.1 


3-23 

4.8 

12.5 

Fuel depletion and helium injestion. 

3-24* 

31.8 



3-25 

4.8 

16,0 


3-26 

4.8 

16.3 


3-27 

4.8 

11.3 


3-28 

4.8- 

11.3 


3-29 

4.8 

29.2 

; 


*First test of a vacuum period. 
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TABLE VII. TEST CONDITIONS (Continued) 


Test 
Seq. No. 

Duration 

Sec. 

Pretest Coast 
Time, Sec. 

Comments 

3- 30 

4.8 

5.4 


3-31 

4.8 

5.0 

* 

3-32 

4.8 

2.0 


3-33 

4.1 

2.0 

3 minutes post test soak 

4-1* 

1.0 



4-2 

1.0 

179.8 


4-3 

1.0 

120.8 


4-4 

1.0 

61.2 , 


4-5 

1.0 

31.2 


4-6 

1.0 

■ 

16.1 


4-7 

1.0 

9.0 


4-8 

2.9 

4.6 


4-9 

1.1 

0.3 


4-10 

1.1 

0.7 


4-11 

1.0 

13. 8 


4-12 

l.o 

30.1 


4-13 

0.4 

44.8 

30 min. posttest soak. 

5-1* 

31.8 


Cold propellants for sequence 5. 

5-2 

17.7 

181.0 


5-3 

14.7 

121.2 

• . . ■ 

5-4 

•11,8 

61.3 


5-5 

8.7 

31.3 


5-6 

4.8 

' 15.5 


5-7 

4.8 

9.9 


5-8 

4.8 

4.4 


5-9 

4.8 

2.0 


5-10 

4,8 

1.6 


5-11 

4.8 

20.3 


5-12 

10.8 

46.3 


5-13 

13.8 

91.2 


5-14 

4.8 

31.1 


5-15* 

0.15 


Posttest soak. 

6-1* 

0.16 


Ambient propellants for sequence. 6. 

6-2 

0.18 

180.7 



*First test of a vacuum period. 
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TABLE VII TEST CONDITIONS (Continued) 


Test 

Seq. No. 

Du rat ion 
Sec. 

■ ' 

Pretest Coast 
Time, Sec. 

Comments 

6-3 

0.20 

— 

119.7 




6-3A 

0.18 

55.9 




6-4A 

0.20 

15.7 




6- 5 

0.20 

60.8 




6-6 

0.20 

31.1 




6-7 

0.25 

6.3 




6-7A 

0.26 

5.1 



* 

6-8 

0.27 

2.5 




6-9 

0.16 

(14 min. 16 sec.) 



6-10 

0.23 

5.2 




6-11 

0.20 

45.4 




6-12 

0.16 

2.7 




6-12A 

0.17 

3.1 




6-12B 

0.16 

7.6 




6-13 

0.04 

• 45.9 

10 minute 

posttest soak. 




P c , psia 

0/F 

Comments 

7-1* 

9.7 


125 

' 1.45 

Cold fuel, ambient ox., 9:1 






nozzle for seq. 7 § 8. 

7-2* 

9.7 


125 

1.65 


7-3 

9.7 


100 

1.65 


7-4 

9.7 


100 

1.45 


7-5 

9.8 


125 

1.45 


7-6 

9.8 


125 

1.85 

Posttest purges on tests 6-15, 

7-7 ' 

34.7 


125 

1.65 


7-8 

4.7 


80 

1 .65 


. 7-9 

4.7 


70 

1 .65 


7-10 

4.7 


60 

1.65 


7-10A 

4.7 


70 

1.45 


7-12 

4.7 


60 

1.45 


7-13 

4.7 


60 

1.65 


7-14 

9.7 


125 

1.65 

30 min. posttest coast. 

8-1* 

33 


125 

1.8 

Injector BLC orifices plugged 






for sequence 8. 

8-2 

10 


140 

1.75 


8-3 

10 


140 

1.55 


8-4 

10 


125 

1.55 


8-5 

10 


110 

2.0 


8-6 

10 


109 

1.6 


8-7 

10 


135 

2.0 


8-8 

10 


109 

1.5 


8-9 

10 


106 

2.0 


8-10 

10 


126 

1.8 

30 min. posttest soak. 


* First test of a vacuum period. 
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was to determine the response of various portions of the engine to flushing 
and purging in order that the proper procedures might be specified later in 
the test program to return the engine to near ambient temperatures during 
multiple tests in a given steam period. Test 1-4 experienced a premature 
GSM shutdown and testing was terminated for the day. 

The flushing and purging procedures after Tests 1-1 and 1-3 had significantly 
cooled the engine down and significant ice formations were observed in the 
region of the fuel inlet manifold after these tests. At the start of Test 4 
temperatures of 20 F on the regen chamber wall and 17 F near the coolant 
inlet were measured. Tests 1-2 and 1-4 exhibited relatively hard starts 
although posttest inspection indicated no damage to the engine. Tests 1-5 
through 1-11 were brief (0.3 to 1.3 seconds of 90% or greater thrusts) tests 
followed by 1 -minute purges to determine the effects of engine temperature 
on start transient characteristics. Alcohol flush and purge procedures were 
followed after Tests 1-11 and 1-12, the latter test being a 35-second duration 
test to obtain thrust chamber performance and thermal data. Propellant tank 
pressurization difficulties on this test resulted in varying mixture ratio 
throughout the test. 

Test sequence 2, initially intended to be an extensive investigation of 
propellant valve sequencing was deleted and an abbreviated valve sequencing 
program was incorporated into sequence 3. Previous testing had indicated 
that the first test of a vacuum period had unusual starting characteristics 
so the second test of sequence 3 was a duplicate of the first to provide a 
baseline for subsequent valve sequencing tests. Both tests were conducted 
with the fuel valve electrical signal delayed 100 milliseconds after the 
oxidizer valve opening signal. On Tests 3-3 and 3-4 the delay time was reduced 
to 50 and 0 milliseconds, respectively. The engine was purged after each of 
the first three tests so that each test would simulate a first start on an 
engine. No posttest purging was conducted after Tests 3-4 and 3-5 since 
tests 3-5 and 3-6 were the first of the hot engine restart evaluation tests. 
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The engine was fired for 23 seconds on Test 3-4 to bring it to thermal 
equilibrium prior to the 180-second coast period which preceded Test 3-5. 

Test 3-5 was fired for 14 seconds to reheat the engine to equilibrium 
conditions prior to the 120-second coast period which preceded Test 3-6. 

During the next test day. Tests 3-7 through 3-17 of Sequence 3 were conducted 
to evaluate the hot engine restarting characteristics. No purges were used 
between these tests and each test was fired long enough to heat the engine 
to equilibrium conditions. Coast durations ranged from 1 to 60 seconds. 

To evaluate engine soakout characteristics after a very brief firing, Test 
3-18 was conducted with a mainstage duration of 0.15 seconds. Approximately 
7 minutes into the soak period it was observed that data was not being properly 
acquired. The engine was purged for approximately 1 minute and the 0.15-second 
duration firing repeated (3-18A) followed by a 10-minute soak. An unusually 
high 'g' level was experienced at oxidizer injector prime which occurs before 
ignition. Testing was terminated for the day and the engine inspected and 
found to be in good condition. 

Six cycles of the oxidizer valve were programmed to chill down the oxidizer 
feed system and determine if the temperature was factor in the hard start. 

No hard starts were encountered and it was concluded that the hard start on 
Test 3-18A was the result of contamination, either from the facility or from 
the fuel side of the engine. Test 3-18C was conducted to determine vacuum 
soakout characteristics after a 1-second firing. 

During checkouts before Test 3-19, the operation of the oxidizer valve was 
erratic and indicated closing without being signaled to do so. The valve 
was changed. 


! 
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A fairly high 'g* level was encountered at start on Test 3-12 but was not 
repeated on Test 3-13 although the coast times were approximately equal 
(10 seconds). Tests 3-19 through 34 were therefore undertaken to explore 
hot engine restarts with coast times of approximately 10 seconds. Testing 
proceeded satisfactorily through Test 3-22 with coast times ranging between 
18 and 25 seconds. After a coast of 12 seconds, Test 3-23 was initiated. 
However, the OMS simulating fuel tank was almost empty at the start of this 
test and was completely depleted during the 4.5 second test. Test data 
indicated slugs of helium were probably also being ingested into the fuel 
system. The indicated propellant mixture ratio was approximately 4.4 at the 
end of this test. However, the value is questionable because of presence of 
helium. Chamber pressure was down to 65 psia. Subsequent to shutdown external 
wall temperatures on the regeneratively cooled thrust chamber exceeded 500 F, 
the maximum recording capability of the instrumentation. Posttest inspection 
of the thrust chamber indicated a number of blue streaks in the converging 
section of the combustion chamber. A dye penetrant check of the combustion 
chamber indicated no leaks. The hot engine restart tests with ambient tempera- 
ture propellants were concluded the next test day with Tests 3-24 through 33 
exploring coast periods ranging from 2 to 29 seconds. The high »g J level 
experienced at ignition on Test 3-12 was not repeated during any of these tests 

The minimum firing time required of the OME is currently 1 second. Test 
Sequence 4 was conducted to determine the restart capability of the engine 
after firing for this period and coasting for various times. Test Sequence 
4 was conducted without any difficulties. Coast periods ranged from 0.3 to 
180 seconds. No unusually high *g f levels were encountered during this series. 
The final test in this series was for a 0.4- second duration and followed by a 
posttest vacuum soakout. 
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Cold propellant will remain in the engine for a longer period after shutdown 
than ambient temperature propellants. The effect of this variable on restart 
characteristics was investigated in Test Sequence 5 by chilling the propellants 
to approximately 45 F and conducting a series of hot engine restarts. Coast 
periods for this test sequence ranged from 1.6 to 180 seconds with uo unusually 
high 'g' levels being encountered on any of the starts. A final test in this 
sequence was conducted later with engine at an ambient temperature. The engine 
was fired for 0.15 seconds and allowed to soakout in vacuum to determine the 
minimum temperatures which would result if the engine were signalled to shut 
down prematurely before heating up. This test provided the data upon which 
was based the scheduling of the tests in the next test sequence. 

Sequence 6 was scheduled to investigate restart characteristics of the engine 
after a premature shutdown involving a very short firing. Firing durations 
for this sequence were approximately 0.2 seconds with coast times ranging 
from 2.5 seconds to 14 minutes, 16 seconds. No high ’g. T levels were 
encountered at start during this test sequence. The last test of the sequence 
was conducted for the shortest duration of any of the tests in this program, 

0.04 seconds, and was followed by a 10-minute posttest vacuum soak. 

The purposes of Sequence 7 testing were two-fold: 1) to provide baseline perform 

ance and thermal data with the engine in its nominal configuration for comparison 
with subsequent tests in Sequence 8 which would be conducted without boundary 
layer coolant; and 2) to investigate 0ME operation at very low chamber pressures 
typical of propellant tank blowdown operation. In order to prevent excessive 
side loads which might be associated with very low pressure operation, the 
72:1 nozzle was replaced with the 9:1 nozzle. To provide a higher safety factor, 
the fuel temperature was reduced to approximately 45 F. To provide more accurate 
flow data, two additional flow meters were installed in each propellant feedline 
under ideal.ducting conditions between the outside propellant tanks and the tee 
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which branches to the engine and to the OMS simulating tanks. The OMS 
tanks were valved closed for the first 7 tests of the sequence and 
propellant flowed from the external tanks to the engine. Tests were 
conducted in this configuration for propellant mixture ratios of 1.45, 1.65, 
and 1.85 at nominal chamber pressure and for the two lower propellant mixture 
ratios at 100 psia chamber pressure. 

The boundary layer coolant (BLC) orifices in the injector were plugged with 
short wires. prior to Sequence 8 to investigate the effects of BLC on perform- 
ance and heat transfer. Ten tests were conducted at chamber pressures 
ranging from 106 to 140 psia andpropellant mixture ratios of 1.5 to 2.0. All 
tests were of 10 seconds duration except the first which was fired for 33. 
seconds to assure complete heating of the regeneratively cooled hardware. 

Cold fuel 45 F) was used for this sequence to enhance the regenerative 
cooling safety factor because of the off-nominal conditions being tested. 
Sequences 7 and 8 were terminated with a 30-minute vacuum soak to compare 
the soakout characteristics of the columbium radiation cooled nozzle with 
those of the CRES nozzle. 

Sequence 8 completed this phase of the test program. The injector and chamber 
were inspected and found to be usable if required for future testing. The 
integrated thrust chamber has' accumulated 156 starts and 1189 seconds of 
operation. The L/D #1 injector has accumulated 284 starts and 1695 seconds. 

START TRANSIENTS 

Facility and engine ducting were configured to simulate, as far as possible, 
the volumes and lengths of the current Orbit Maneuvering System propellant 
feed system. A brief investigation of the effects of propellant valve 
sequencing on start transient characteristics was made during the first 
four tests of Sequence 3. These tests also provide a comparison of the first 
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start transient of a vacuum period with subsequent starts. Previous 
experience had indicated, in general, slightly higher g-loads at start 
on the first tests. Therefore, the first and second tests were both 
conducted with the fuel valve opening signal delayed 100 msec relative to 
the oxidizer valve signal. The delay was reduced to 50 msec on the third 
test and to 0 msec (simultaneous signals) on the fourth test. Figures 9, 

10, and 11 are reproductions of oscillographs derived from the analog tape 
for Tests 1, 2, and 4 respectively of Sequence 3. Comparison of the start 
transients for Tests 1 and 2 indicates a more gradual oxidizer injection 
pressure rise at oxidizer prime and a complete absence of pressure surges 
at ignition in the oxidizer injection pressure on the first test. The data 
indicates a hard liquid system for the second test and the presence of some 
gas in the system for the first test. (Test 3-18B consisted of a series of 
cyclings of the oxidizer valve only. The same difference between oxidizer 
injection pressure transients for the first test and subsequent tests was 
noted. ) 

The fuel injection pressure transients also indicate a more gas-free system 
on the second test by virtue of the more regular and higher frequency 
oscillation which occur during the priming transient. Gases in the fuel at 
ignition would lead to the smoother .transient indicated in thrust for the 
first test. Note that the thrust transient on the first test indicates a 
more rapid rise to a low thrust value than on the second test. This rise 
is accompanied by accelerometer activity not present on the second test. 

The engine was purged completely before each of these tests so it is presumed 
that no propellants existed downstream of the propellant valves in either 
case. It therefore appears that small amounts of gas' existed in the propellant 
feed system upstream of the valves on the first test and that the second test 
is therefore a more typical start. 

A comparison of the start transients of Tests 2 and 4 (Figs. 10 and 11) 
indicates that simultaneous signalling of the propellant valves on Test 4 
has moved the oxidizer injection prime point much closer to the fuel injector 
prime point but the effect on the ignition characteristics is not 
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FIGURE IQ START TRANSIENT ‘FOR TEST IHTl-^2 
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nm 
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FIGURE 11. START TRANSIENT FOR TEST I HT l- 3 -L - 
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significant for this range of oxidizer leads. The reason for this can be 
seen in Fig. 11. The oxidizer injection prime transient is completed by 
the time the fuel injection transient and ignition occurs even with 
simultaneous valve signals. In fact, the shape of the transient indicates 
that fuel injector prime could occur 20 to 30 milliseconds earlie without 
significantly affecting the ignition characteristics. Howex r e 2 ’, restart 
characteristics could be affected because short coast times tend to reduce 
the oxidizer lead even further. Thrust overshoot and accelerometer data 
tabulated in Appendix A indicate that these characteristics did not vary 
much between Tests 3-2 through 3-4. 

The start transient for Test 3-18A is shown in Fig. 12. The high accelera- 
tion spike on this test occurred not at ignition but at the time the oxidizer 
injector primed. The ±2000 g accelerometer (not recorded in Fig. 12) 
indicated 1500 g at that time. The high value of the spike in oxidizer 
injection pressure at prime implies a detonation in the oxidizer dome at 
this time. (The instrumentation is nearly saturated so that the actual 
value of the spike is even higher than indicated.) It is suspected that the 
dome was contaminated even though the injector was purged before the test. 

An accelerometer spike of lesser magnitude occurred at ignition. The 
magnitude of this spike was more typical of values recorded at the start of 
a first test of a vacuum period. Note the wide variation' in accelerations 
recorded by accelerometers at different locations on the chamber. As an 
indication of the physical significance of the magnitudes of these accelera- 
tion, it is nofed that a light tap with a hammer on the injector dome resulted 
in accelerations of up to 500 g*s. 

ENGINE SHUTDOWN AND SOAKOUT CHARACTERISTICS 

A typical shutdown transient after a long duration test without post test 
purges is shown in Fig. 13. Approximately 0.6 seconds after the shutdown 
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FIGURE 13* SHUTDOWN TRANSIENT FOR TEST lHTl-3~4 
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signal considerable accelerometer activity begins and lasts for up to 
several seconds. Because of this phenomenon, it was difficult to evaluate 
g-loads at restart for test with coast durations less than 5 seconds. 

Posttest accelerometer readings of several hundred g*s were occasionally 
recorded. ' Football * type oscillation of 2400 Hz were frequently encountered 
on one of the accelerometers whereas the data from the other 3 accelerometers 
was fairly random. 

Fuel and oxidizer injection pressures at the beginning of the accelerometer 
activity were in the order of 40 and 20 psia respectively, which corresponds 
to a saturation temperature of 240 F for MMH and 60 F for NTO. On short 
duration tests such as 3 _ 18 and 3-18A which were of 0.15-second duration no 
posttest accelerometer activity occurred. 

On Test 3-18C, which was 0.9-second duration, accelerometer activity did not 
occur until approximately 1.2 seconds after shutdown and was significantly 
less severe than that following long-duration tests. Sequence 4 was a series 
of 1-second duration tests with varying, coast times. Accelerometer activity 
began 1.4 seconds after shutdown for the first tests and occurred at progress- 
ively shorter times, such that, at the latter tests the activity was commencing 
at 0.5 seconds after the shutdown signal. 


Sequence 6 included a series of 16 tests of approximately 0.2-second duration. 
The only posttest accelerometer activity recorded during this test sequence 
was after Test 8 which was the longest duration (0,27 sec) test of the series. 
The activity was quite mild and occurred 1.7 seconds after the shutdown signal. 
The posttest value of the regenerative thrust chamber wall temperature was 
the highest on Test 8; At the time the accelerometer activity occurred, the 
highest temperature was 235 F measured at the -8 inch station on the chamber. 
Fuel injection pressure at this time was approximately 20 psia corresponding 
to a saturation temperature of 200 F. Coolant inlet manifold temperatures 
were quite cool averaging approximately 50 F. 
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Thus, it appears that the posttest accelerometer activity depends upon the 
engine temperature at shutdown which, in turn, is a function of the test 
duration. 

The accelerometer activity may be due to violent boiling of MMH in the regener- 
ative coolant jacket or NTO in the injector. However, a more probable source 
of the effect is suggested by the following data (all times referred to the 
shutdown signal) . 


Test 

Time of Accelerometer 

Time of Purge 

Initiation 

IHT 1- 

Activity, Sec. 

Oxidizer 

Fuel 

3-4 

0.6 to 4.6 

None 

None 

3-5 

0.7 to 4.6 

None 

None 

3-6 

0.7 to 3.6 

2 

7 

1-12 

0.7 to 2.7 

2 

7 

7-6, 7-7 

None 

>1 

-1 


These tests were all of sufficiently long duration (>5 sec) to heat the 
engine. When the oxidizer purge only was initiated manually approximately 
2 seconds after the shutdown signal, the duration of the accelerometer activity 
was significantly reduced. When the purges were initiated during the shutdown 
transient (by setting the purge pressures lower than steady-state injection 
pressures prior to the shutdown signal) the characteristic accelerometer 
activity did not occur. This suggests that for an unpurged hot engine 
shutdown, the oxidizer drains out of the duct while fuel boils out of the 
chamber jacket giving rise to sporadic low-level combustion and popping. The 
oxidizer purge blows the NTO out of the duct rapidly and eliminates the low- 
level combustion. With a cold chamber (firing times < 0,2 sec) the fuel comes 
out of the jacket very slowly so that the oxidizer simply drains out of the 
injector and chamber without combusting. Although the accelerometer activity 
is quite pronounced after cutoff the effects are not manifested in either 
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thrust or injector pressures (the chamber pressure measurement did not have 
rapid response characteristics) and are probably not harmful to the engine. 

Figures 14 through 23 represent typical soakout transients for an engine 
which has been fired long enough to have reached thermal equilibrium. The 
test shown was a 5-second test after a hot engine restart. Regenerative 
chamber outer wall temperatures at the -16 inch location, behind accoustic 
cavities, are shown in Fig. 14. The wall at this point receives heat inputs 
from the accoustic cavity dams and the injector and is cooled by MMH being 
boiled in the jacket. The heat inputs at first predominate and the tempera- 
ture rises for approximately 40 seconds, after which the cooling injector 
and cavity dams cannot keep up with the cooling capability of the MMH and 
the temperature again decays. When the MMH is depleted to the point that 
liquid can no longer percolate up the channel to cool this region, the 
temperature again rises in response to the injector heat input . reaches a 
maximum and decays as heat is transfered to the rest of the chamber and the 
environment. The maximum temperature at this location was less than 300 F, 
well below the decomposition temperature of MMH. 

The back wall temperatures at the -13 inch location are plotted in Fig. 15. 
The upper two curves indicate that the cooling effect of the MMH is not 
being felt at these locations. The maximum temperature reached on this test 
at this location was 44S F, the highest on the regenerative chamber wall. 
That the chamber can be safely started with channel wall temperatures much 
higher than this value has been demonstrated in the heated tube test program 
of Task IX. 

Back wall temperature profiles at -10 inches are shown in Fig. 16. 

These curves peak at a maximum value of 370 F. The temperature transients 
reached their first maximum sooner at the -13 inch location and locations 
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FIGURE 15. NICKEL WALL TEMPERATURE AT X - -13 INCHES 








V 

t 


ASR74-229 
Page 50 


FIGURE 16. NICKEL WALL TEMPERATURE AT X - -10 INCHES 
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FIGURE 20 . NICKEL WALL TEMPERATURE AT X - -2 INCHES 
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FIGURE 21 . NICKEL WALL TEMPERATURE AT THROAT 
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FIGURE 22 . NICKEL WALL TEMPERATURE AT X ■= +3 INCHES 
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FIGURE 23. COOLANT TEMPERATURE AT INLET 
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further aft compared to the -16 inch location because of the relatively 
thin walls of the chamber compared to the greater masses involved with 
the acoustic cavity dams. The second peak occurs later because of the 
time required for the heat to diffuse down from the injector. The time 
at which the minimum value occurs does not appear to be strongly a.fected 
by location, implying that the fuel does not boil down in the channels in 
an orderly fashion, but rather percolates through the channels cooling 
them until fuel is virtually exhausted in the inlet manifold. 

Temperatures at the coolant inlet are plotted in Fig. 23. After shutdown the 
temperatures generally indicate a constant temperature value until approxi- 
mately 60 seconds after which they decay at the same rate. As the coolant 
is exhausted at each thermocouple, the thermocouple is heated by the 
surrounding metal and indicates an increasing temperature. The minimum values 
therefore indicate the time of fuel depletion at each thermocouple location. 
The thermocouple measuring the temperature indicated by the curve coded with 
a triangle is near the top of the inlet manifold and is depleted very soon. 

The other thermocouples are further down in the manifold. One thermocouple, 
indicated by the data coded with a diamond, is fairly close to the lowest 
point in the inlet manifold and, thus, its turnaround point indicates 
nearly complete depletion of fuel in the manifold. This occurs at 95 seconds 
or approximately 90 seconds after cutoff. 

A summary of propellant depletion times and conditions for typical vacuum 
soak out tests is given in Table VIII. The fuel and oxidizer interface tempera- 
tures are measured upstream of the valves and are given at the start of the 
firing as indications of propellant temperatures during the test. Test dura- 
tions quoted are the durations during which the thrust exceeded approximately 
90% of the steady-state value. The fuel inlet thermocouples measure the 
temperature of the fuel at the lowest elevation in the system. The fuel 
depletion times were determined as the time when inlet thermocouples indicated 



TABLE VII r 


PROPELLANT DEPLETION TIMES 


Test 

Test 

Duration 

Sec 

Fuel 

Interface 
Temp . , F 

Conditions at 

Fuel Depletion 

Ox. Interface 
Temp., F 
(@ t * 0 sec } 

Ox. 

Dep 1 et ion 
Time, Sec. 

Min. Ox . 
Duct Temp. 
F 

Meas, Ox 
Press. @ 
Depl et ion , 
ps ia 

Time , 
Sec . 

Inlet 
Temp. , F 

wm 

■ 

Measured 
Press . 
Ps i a 

3-17 

4.8* 

74 

. 

- 

o 
c n 

82 

1-3 

0.7 

74 

12 

40 

4.5 

3-18C 

1 .0 

. 

70 

180 

60 

0.6 

0.3 

68 

I 1 

25 

3.9 

7-1 A 

10* 

44 

300 

65 

0.7 

0.7 
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a minimum in temperature. That minimum temperature and its corresponding 

saturation pressure are also tabulated. For comparison the actual measured 
pressure, determined by averaging the low-pressure-range fuel inlet and 
fuel injection pressures at that time, is also presented. 

The lowest elevation in the oxidizer system is in the inlet duct n<.ur the 
engine inlet. The oxidizer inlet duct generally drains down from the valve 
into the engine with a very small puddling capability at the above mentioned 
location. Thermocouples are welded to the top and bottom of the duct at 
this location. The oxidizer depletion time is taken as the time at which 
the bottom thermocouple indicates a minimum value. The value of that 
minimum and the injection pressure measured at that time are also tabulated. 

Tests 3-17 and 3-18C were conducted with nearly ambient- temperature propellants 
Test 3-16 was the last of series of hot-engine restart tests so that the 
engine was at thermal equilibrium after, this test. Test 3-18C was a single 
one-second duration test corresponding to the current minimum required burn 
time of the OME. The fuel inlet temperature transients are shown in Fig. 24 
for Test 3-18C. A comparison of the fuel depletion times of these two tests 
indicates that there is a factor of two in depletion times between the 
currently specified conditions which lead to the engine at its hottest and 
coldest temperatures. When a hot-engine soakout was conducted with cold fuel 
(Test 7-14) 300 seconds were required to deplete the fuel as indicated by 
the temperature transients of Fig. 25, No vacuum soakout tests were conducted 
after the engine had been fired for one second with cold fuel. However, using 
the previously noted factor of two in fuel depletion times for hot-engine 
and one-second tests with ambient fuel, it is estimated that fuel depletion 
will occur within 10 minutes after a one-second firing with cold fuel. 

Test 3-18A, 5-15 and 6-4A were typical of short-firing bursts which might 
be the result of a premature shutdown signal. The posttest fuel temperature 
transients associated with these tests were very gradual because of the cold 
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fuel and engine hardware making the actual depletion time difficult to 
determine. It appears that under these conditions, fuel can be retained 
in the engine for periods of 10 minutes to an hour after shutdown. The 
longer depletion time on Test 5-15 is probably the result of the colder 
fuel even though the engine hardware was somewhat colder on Test " ISA. 

One test (6-13) was conducted for an extremely short-firing time of 0.04 
seconds in order to determine whether freezing of the propellants would 
occur with a firing duration so short as to input practically no heat into 
the chamber. The 10 minute vacuum soak period was not sufficiently long 
to determine minimum fuel temperatures. However, the temperatures were 
sufficiently high (70 F) and falling at so slow a rate as to indicate that 
freezing of the fuel was not a likelihood. 

In all cases, the measured pressures at the fuel inlet and injector were 
lower than saturation pressure at the time of depletion. This provided 
additional evidence of the absence of fuel in the system at that time. 

Very little oxidizer accumulates in the system as is evidenced by the 10- 
to 12-second oxidizer depletion times for all of these tests. The relative 
depletion times of the fuel and oxidizer indicate that engine restarts be- 
tween approximately 10 and 100 seconds after shutdown would result in a 
start with residual fuel only in the engine. A series of oxidizer valve 
only cycling tests were conducted during the program with 70 F oxidizer. 

The duct temperatures always remained above 17 F during the post flow 
soakout periods. Oxidizer duct temperature transients after Test 3-17 are 
shown in Fig. 26, 

Test Sequence 5 was conducted with cold (approximately 40 F) NTO. On all 
tests except 5-14 the minimum oxidizer duct temperature was 17 F or greater, 
which is above the freezing point of NTO (12 F) . After Test 5-14, the duct 
temperature dropped to a minimum of 7 F. This was the last test of a vacuum 
period. 
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Test Sequence 6 was conducted with ambient propellants but consisted of 
very short (approximately 0.2 seconds) engine firings. Some of the coast 
periods were less than 10 seconds duration. Where long posttest duration 
data was available, the minimum oxidizer duct temperatures occurred at 
approximately 10 seconds after shutdown. 

Fuel duct temperature transients after Test 3-17 are shown in Fig. 27. 

The transients are somewhat difficult to evaluate because of the thermal 
input from the radiation cooled nozzle. The well-defined minimums and the 
temperatures of the bottoms of the fuel duct near the valve and near the 
chamber inlet imply the presence of fuel in the duct for as long as 170 
seconds after the firing. 

The regenerative coolant inlet manifold is cooled during the soakout by 
vaporizing MMH and is heated primarily by the radiation cooled nozzle through 
the connecting flange. Comparison of Figs. 28 and 29 indicates that these 
locations reach thermal equilibrium after approximately 30 minutes of 
vacuum soak after a hot-engine shutdown. The equilibrium temperatures at 
the zero and 90° circumferential locations is approximately 225 F. The 
equilibrium temperature at the 180° location is approximately 190 F. The 
minimum in the temperature transient of the fuel inlet manifold is related 
to fuel depletion but cannot be used to define the exact time of fuel deple- 
tion because of the massive nature of the inlet manifold. 

Test Sequences 1 through 6 were run with the full length, G - 72, nozzle in 
order that the thrust overshoot might be correctly simulated. This nozzle 
is more massive than the flight type nozzle. The columbium nozzle, although 
only an G = 9 nozzle, was designed by thickness control to simulate the early 
soakout transients of a flight type nozzle. Test Sequences 7 and 8 were 
conducted with, this columbium nozzle. 




FIGURE 27 . FUEL DUCT TEMPERATURE 
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FIGURE 28. REGEN NOZZLE FLANGE TEMPERATURE 
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FIGURE 29. NOZZLE AND FUEL INLET MANIFOLD TEMPERATURES 
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The nozzle surface and fuel inlet manifold skin temperature soakout 
transients are shown in Fig. 30 for Test 7-14. In comparison with Fig. 29, 
for the steel nozzle, the nozzle temperature decay is much more rapid. 
However, the affect on the fuel inlet manifold skin temperature for the 
first 100 to 200 seconds is quite similar. For the steel nozzle, he 
average inlet manifold temperature at 150 seconds is approximately 25 F 
higher than the pretest value. For the columbiura nozzle, the posttest 
value is approximately 15 F higher than the pretest value. Thus, the 
thermal inputs from the steel nozzle to the fuel inlet manifold are similar 
to thermal inputs which may be expected from a flight type nozzle during 
the early soakout transient. 

The steel nozzle and fuel inlet manifold skin temperature soakout transients 
after a 1- second firing are shown in Fig. 31. The nozzle does not heat up 
significantly and causes very little temperature rise in the inlet manifold 
during the soakout transient. 

Injector dome temperatures are shown in Fig. 32. The temperatures during 
the early part of the transient reflect the propellant temperatures at 
shutdown. All the injector temperatures reach equilibrium within 30 
minutes after shutdown at a value approximately halfway between the fuel 
and oxidizer temperatures. 

RESTARTS 

The objective of this phase of the testing was primarily to evaluate the 
restart capabilities of the OME and determine whether any limitations of 
the presently specified duty cycle exist. 

Potential Problems 

Conditions which were determined to be potential problem areas before the 
test program were high and low propellant and hardware temperatures, and 
an inversion of the nominal oxidizer lead start sequence. 


) 
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Stagnant fuel in the regenerative chamber after shutdown could have been 
heated to the decomposition point by the hot hardware. It is also possible 
that the hot regenerative chamber could have heated the incoming fuel for 
a restart to the decomposition point. However, this latter condition was 
deemed to be quite unlikely because of the results of the heated tube test 
program of Task IX wherein MMH was flowed through nickel and CRES tubes heated 
to 1600 F at nominal starting flow rates. No instance of rapid decomposition 
was noted in that phase of the heated tube test program. Potential low 
temperature problems could arise as the propellants evaporated in the engine 
after a firing, thereby, locally cooling to their freezing points. This 
would be a much more significant problem with the NTO because of its higher 
freezing point (12 F) compared to that of MMH (-62 F) . 

With simultaneous signals to the propellant valves, the oxidizer nominally 
enters the chamber approximately .15 to .20 seconds before the fuel because 
of the additional time required for the fuel to pass through the regenerative 
coolant jacket. This same resistance would result in the oxidizer drain- 
ing out of the engine after a firing more rapidly than the fuel. The result 
is that a restart after a particular coast period could result in a fuel 
lead (or, at least, a shorter oxidizer lead) because of the residual MMH in 
the coolant jacket. The relationship between the propellant lead and the 
coast period would be strongly dependent upon the regenerative coolant jacket 
temperature, i.e., upon the previous firing duration. The effect of the 
propellant lead on thrust and pressure overshoots and acceleration spikes 
had not been determined for the OME. 

The test program was therefore accomplished with engine and propellant tempera- 
tures and coast times selected to generate those conditions which would be 
most conducive to the aforementioned potential problems. 

Potential Freezing and Overheating Conditions 

The oxidizer cooling effects were alluded to in the discussion of the posttest 
shutdown transients. The most severe conditions tested to aggravate this 
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potential problem were the tests conducted in Sequence 6. These tests 
were approximately of 0.2 seconds duration so that very little heat was 
added to the engine and the hardware was cooled by evaporation. The test 
conditions and effects on the oxidizer system and chamber pressure are 
tabulated for Sequence 6 tests in Table IX. As previously noted, the mini- 
mum oxidizer duct temperature occurs at approximately 10 seconds after 
shutdown. Therefore, those tests which have shorter coast durations than 
10 seconds do not reach the minimum duct temperature. The data indicates 
that the duct temperature reaches the freezing point of NTO between some 
of the tests. However, no significant effect on oxidizer injection pressure 
or chamber pressure for the subsequent test was noted indicating that very 
little freezing of the NTO occurs during the coast period. Figure 33 is a 
plot of the oxidizer duct temperature transient after a 16- second coast 
period. The short period of oxidizer flow (approximately 0.2 seconds) is 
sufficient to warm the duct to 50 F. 

From these data it appears that repetitive tests of even 0.2 seconds dura- 
tion (the currently required minimum firing duration is 1.0 seconds) would 
not result in significant icing of the oxidizer system with ambient tempera- 
ture propellants and >1 second between tests. The only tests of greater 
severity which could have been imposed would be to have conducted the cycling 
test with 40 F oxidizer at higher simulated altitudes. However, the data 
in Table VIII indicates that oxidizer temperature had little effect on 
oxidizer depletion time or minimum duct temperature as can be seen by compar- 
ing the values tabulated for Tests 5-15 and 6-4A. It therefore appears that 
repeated cycling even with 40 F oxidizer would not cause significant freezing 
of the NTO. 

Freezing of MMH between firings does not appear to be a problem at all. The 
data in Table VIII indicate that for engine firings ranging from 1 second to 
maximum burn durations the MMH soakout temperature will be approximately 
ambient. The MMH soakout temperatures even after very short duration 
firings are very far removed from the freezing point. 
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It was demonstrated that the thrust chamber could start with a hot regenera- 
tively cooled jacket on Sequence 3. Reference to Table X indicates that the 
engine was started with chamber wall temperatures approaching 400 F several 
times. This substantiates the results of the heated tube tests conducted 
under Task IX of this contract. Test 3-23 was fuel depletion test on which 
wall temperatures soaked out to values exceeding 500 F (the inst 3 .^mentation 
limit) with no indication of explosive decomposition or fouling of the 
channels. 

Restart Transients 


Pretest values of engine and propellant temperatures and pressures are 
summarized in Table X for the restart test sequences. The consistent values 
of the propellant interface pressures indicate that the facility was always 
setup to deliver the same engine inlet conditions. The most significant 
deviations in the interface pressures occur during the very short coast times 
when the system was still experiencing some pressure transients from the 
previous shutdown. Tank pressures were more nearly constant even for these 
conditions. The restart tests may be grouped into hot engine restarts, 
where the engine is at equilibrium temperature at shutdown; warm engine 
restarts, where the engine has been fired to 1 second prior to shutdown; and 
near-ambient engine restarts where the engine has been fired only a few 
tenths of a second prior to shutdown. 

Ideally, the test program would be conducted by bringing the engine and all 
components to a uniform temperature, firing the engine, coasting the prescribed 
time period, restarting the engine, and returning the complete engine to the 
required temperature prior to the next test. Returning the engine to a 
specified temperature involves considerable time. The purging and flushing 
operations conducted in Sequence 1 indicated that the purges were not very 
effective in bringing the hardware rapidly to a uniform temperature and 
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that the flushes could be a source of contamination. It was decided, 
therefore, not to condition the engine between tests. 

The propellant interface and valve temperatures may be expected to be 
reasonably independent of coast period and therefore would be nomi T ally 
expected to be the same for each test. The hot engine restarts were conducted 
during Test Sequences 3 and 5,. the former being with ambient temperature 
propellants and the latter being with cold propellants. For Sequence 3, 
theses temperatures were always within the nominal spec limit and were, 
generally, within the range of 50 to 80 F, For Sequence 5, the temperature 
range was narrower, generally between 30 and 50 F. The remaining temperatures 
reflect, for the most part, the true effects of thermal soakout with some 
lesser effect of cumulative testing. 

Relatively high values of propellant injection pressures indicate the presence 
of propellants in the engine prior to test. The values presented are 
measured by the high range injection pressure instrumentation and are 
subject to some zero shift. Therefore, the values should be compared within 
a given vacuum period. For example, Tests 3-7 through 3-17 were conducted 
in the same vacuum period. The oxidizer injection pressure indicates a bias 
of approximately minus 4 psi which is indicated for all tests with coast 
periods in excess of 10 seconds. For coast periods of 5 seconds or less, the 
pretest oxidizer injector pressure becomes positive indicating the presence 
of oxidizer in the system. This is in agreement with the previously noted 
oxidizer depletion time of approximately 10 seconds. On the fuel side for 
long soak periods, the pretest fuel injection pressure indicates a bias of 
1 psi. As the coast period decreased below 60 seconds, the pretest value 
of the fuel injection pressure increases up to a value of almost 40 psia for 
the one- second coast. 

Thrust overshoot data and the data from the four accelerometers are shown in 
Appendix A. Accelerometer 4006D was a ±2000 g accelerometer and was used 
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only for Test 3-18A where an acceleration of approximately 1500 g’s was 
indicated. Accelerometer 4097D, a ±1000 g accelerometer located on the 
dome, was used only for comparison with the data from accelerometer 4007D, 
a ±200 g accelerometer also located on the dome, when the latter indicated 
g-loads in excess of 50 g's. Accelerometer 4008D was a ±200 g accelerometer 
located on the injector flange. This accelerometer gave very erratic data 
and was not used for the correlations. 

An attempt to correlate the thrust overshoots and accelerations at start 
with the pretest coast time was not successful for Sequence 3. The reason 
for this is evident in Fig. 34 where the inj.ector prime times are plotted 
against pretest coast time. The fuel side correlates quite well but 
considerable scatter exists on the oxidizer side. The oxidizer priming data 
falls into two sets corresponding to the original oxidizer valve which 
became erratic and was replaced and the data corresponding to the replacement 
valve. Each propellant valve is quad redundant, i.e., there are two parallel 
flow paths each of which contains two valves in series. The positions of 
only the two valves in one parallel path were recorded for each propellant. 
Thus, the recorded valve actuation times define only the latest time at 
which flow could start. These values are tabulated in Appendix A. 

An approach to deduce the correlation of starting characteristics with 
coast time was as follows. The acceleration and thrust overshoot were 
plotted against the injector prime oxidizer lead in Fig. 35. Very good 
correlation of acceleration and a fair correlation of thrust overshoot 
resulted. The difference between the priming times for the oxidizer side 
for the new valve and for the fuel side were determined from the data of 
Fig. 34 for coast times from 0 to 40 seconds, the range oyer which data 
was taken with the second oxidizer valve. This oxidizer lead time versus 
coast time relationship together with the acceleration and overshoot 
verus oxidizer lead time relationships were used to relate the acceleration 
and thrust overshoot to coast time for coast times ranging from 0 to 40 
seconds. For the test preceded by a 180-second coast time, the oxidizer 
injection pressure transient was completed before the fuel prime even with 
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the slow acting oxidizer valve. This data point is therefore felt to be 
valid and was used with the derived correlations to produce the acceleration 
and thrust overshoot versus coast time curves shown in Fig. 36. 

It should be noted that the derived injector oxidizer lead time versus coast 
time curve indicates that no matter what the coast time, the oxidzer lead 
would be 25 milliseconds or greater. This is the result of the rapid priming 
of the oxidizer system relative to the priming of the fuel system. Even for 
the case of a 10-second coast period where the propellant depletion data 
indicated that no oxidizer remained in the system while significant amounts 
of fuel did exist, the oxidizer system refilled completely in a shorter time 
,than that required to fill the fuel side. Thus, the higher accelerations 
related to the short oxidizer leads experienced during Test Sequence 3 would 
not exist in a system wherein the valves operated simultaneously. Accelera- 
tions in the order of 15 g f s would result for a all-coast times. 

Thrust overshoots shown in Fig. 36 vary from 70 percent for short-coast time 
to 130 percent for long-coast times. These values can be reduced possibly 
by reducing the valve opening rates. On the previous (Phase I) test program 
with the same thrust chamber assembly, using facility valves, thrust overshoots 
were in the order of 70 percent for a 200 msec oxidizer injection pressure lead. 

The injector priming characteristics for hot engine test with cold propellants 
are shown in Fig. 37. Oxidizer priming characteristics are similar to the 
characteristics with ambient temperature propellants. Fuel injector priming 
characteristics are also similar except that for long coast times the system 
primes more rapidly with cold fuel as is to be expected because of the greater 
quantity of residual fuel with cold propellants, Since the injector priming 
times correlated well with coast times, the accelerations and thrust over- 
shoots were correlated directly with the coast times and presented in Fig. 38. 
Accelerations were similar to those experienced with ambient propellants 
, except for slightly higher accelerations for very short coast times. 




AMBIENT TEMPERATURE PROPELLANTS 
TEST SEQUENCE IHT 1~3 


— J ! — ■ ■ ■ I ■ . . . I I ■ * . , 

0 20 40 60 80 100 120 140 160 180 200 

COAST TIME, SECONDS 


Figure 36. Acce lerat ions and Thrust Overshoots For Hot Engine 
Restarts 



O Ox Idizer Lead 


5 F PROPELLANTS 
EST SEQUENCE t HT 1-5 


-J 

50 200 

IDS 

ne With Cold Propellants 





0 20 1,0 60 80 100 120 ^ k 0 160 180 200 

COAST TIME, SEC 

Figure 38. Acceleration And Thrust Overshoot For Hot-Engine Restarts 


ASR74-229 
Page 89 


Data for the test preceded by a 180-second coast period was not valid 
because of an unusually low oxidizer flow rate and injection pressure at 
the time of fuel prime because of a momentary decay of oxidizer tank 
pressure. The thrust overshoot versus coast time curves for the cold propellants 
is within 20 percent of the curve for ambient temperature propellants for 
all coast times. Considering the data scatter and the assumptions involved 
generating the curve for the ambient propellants, it may be said that thrust 
overshoot is not significantly affected by propellant temperature. 

Warm Engine Restarts 

Injector priming times and the resultant oxidizer lead are plotted against 
coast time in Fig. 39 for engine firing times of one second. The curves are 
fairly similar to those of the data for the hot engine fired with cold 
propellants (Fig. 37). Oxidizer leads were always greater than 30 msec. 

Accelerations and thrust overshoots at start are plotted in Fig. 40. The 
curves are similar to the curves obtained with the hot engine except that 
the accelerations become even lower for very short coast times. 

Ambient Engine Restarts 

Injector priming times are plotted versus coast times in Fig. 41 for the 
tests in which the engine was fired for approximately 0.2 seconds duration. 

The fuel priming times are slightly lower than on any other sequence as 
would be expected because of the greater fuel retention by the colder hardware. 
Oxidizer priming times are about the same as those for the warm engine restarts 
at the longer coast periods but are peculiar in this case in that the priming 
times do not fall off very rapidly for the very short coast times. Oxidizer 
leads again exceeded 30 msec for all conditions tested. 

The accelerations and thrust overshoots are shown in Fig. 42 for the ambient 
engine restarts. There is considerable scatter in the overshoot data for 
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Figure 39- Injector Priming Times For Warm Engine Restarts 
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the short coast times. This may be because of the small quantities of 
propellant used during the firings (approximately one quart of each 
propellant is consumed during the firing) . The maximum thrust over- 
shoots for the ambient engine restarts do not greatly exceed the maximum 
values recorded for the hot engine restarts* The accelerations at 
ignition were slightly greater than those measured on the hot engine 
restart tests. Significantly higher accelerations (which were also harm- 
less to the engine) were recorded at oxidizer prime on some tests. These 
accelerations may be the result of residual fuel in the cool engine hardware. 

THROTTLING TESTS 

Test Sequence 7 included a series of tests the purpose of which was to 
determine the level to which chamber pressure could be reduced before 
chugging would occur and the effect of mixture ratio on this minimum 
pressure level. Discrete 5-second tests were conducted (as opposed to 
continuous blowdown tests) to minimize facility hyperflow time. Cold 
fuel (40 F) was used to, enhance the regenerative coolant safety factor 
at low chamber pressures. Propellants were not saturated with helium for 
Sequences 7 and 8. 

These tests (7-7 through 7-14) were conducted with unsaturated propellant 
using the facility feed-system configuration which simulates the 0M$. 

Tests 7-2 and 7-4 were moderately low-pressure tests conducted with the 
external facility propellant tanks. Based on the stiffness factor, Va P/w 
(where AP is the difference between propellant tank and chamber pressures, 
and w is the propellant flowrate) the feed system using external oxidizer 
tanks is 3^6 stiffer than the OMS simulated system and the feed system using 
external fuel tanks is 8% stiffer than the corresponding OMS system. 

The range of chamber pressures, propellant flow rates, and mixture ratios 
tested is shown in Table XI. Measured and predicted injector pressure drops 
are tabulated. The measured pressure drops are the values recorded when no 
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significant oscillations were occurring during the test. Predicted values 
are all referred to the measured values of Test 7-7 and ratioed according 
to the square of the flow rates. The difference between the measured and 
predicted pressure drops particularly at lower pressures may be the result 
of subtracting two high pressure measurements (injection and chamber 
pressures) to obtain a AP although the discrepancy is greater than would 
be expected from instrumentation inaccuracies. Values of injecto. AF 
divided by Pc are also tabulated based on the predicted pressure drops. 

Tests were conducted with values as low as approximately 0.2 on each side 
of the injector. 

Chugging was not evident as the chamber pressure was reduced from test-to-test 
until Test 7-8 where a chamber pressure of 84 psia was obtained for steady 
state. On this test, chugging occurred for approximately 0.6 seconds after 
ignition at a frequency of about 300 Hz as shown in Fig. 43. As the chamber 
pressure was reduced on the successive tests, the duration of the chugging 
increased until at a chamber pressure of 68 psia chugging continued through- 
out the test. When the chamber pressure was increased on the next test to 
73 psia and the mixture ratio was decreased to 1.5, continuous chugging 
occurred for 1.6 seconds but continued sporadically throughout the remaining 
duration of the test. Variation of the mixture ratio to 1.6 and 1.9 at --67 psia 
chamber pressure on the next two tests resulted in small changes in the chug 
amplitude. 

Based on the results of these tests, it may be concluded that the chamber can 
be started to a chamber pressure of approximately 90 psi without chugging. 
However, in the blowdown mode of operation (where chamber pressure decays 
gradually) if no external disturbances occur, the engine may be throttled 
to perhaps 65-75 psia without chugging. The chugging did not appear, to be 
detrimental to the engine over the several 5-second duration tests conducted 
in this program. 
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Chug frequencies of 200-300 Hz were noted. Oscillations at two frequencies 
were indicated during the early portions of some of the tests as shown in 
Fig. 44. The lower frequency persisted for less than a second after start. 

Additional chugging tests conducted in the blowdown mode and starting at 
about 100 psia chamber pressure should be conducted to further define the 
chugging limit in this mode. The tests should also be conducted at various 
mixture ratios. 

Heat load data for the throttling tests are shown in Fig. 45. The data 
taken on the 10-second duration tests at nominal pressure agree quite well 
with the data from the previous Phase I test effort. The data from the 
10-second tests indicated that the value of the heat load measured at 10 
seconds was approximately 60 BTU per second higher than the value measured 
at 5 seconds. The throttling tests were of 5-second duration. The values 
recorded at this time are plotted in Fig. 45. Raising the plotted values 
by 60 BTU per second results in very good agreement with the Phase I data. 
Therefore it appears that no adverse thermal effects occur during chugging 
operation. The chug frequencies are high enough so that cyclic effects 
almost completely damp out across the chamber wall. Cycle life is probably 
degraded to a small extent by the chugging, 

BOUNDARY LAYER . COOLANT EFFECTS 

Tests were conducted to determine the effects of elimination of boundary 
layer coolant, BLC, on performance and heat transfer. The first seven tests 
of Sequence 7 and all the tests of Sequence 8 were conducted with the feed 
system configured to provide precise flow data. Less precision of flow 
measurement was required for the other tests conducted to determine restart 
and throttling characteristics wherein it was more important to simulate the 
QMS ducting. Sequence 7 was also conducted to evaluate throttling characteristics 
Therefore, the high area ratio radiation cooled nozzle was replaced by the 
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shorter, C = 9, nozzle to prevent chamber damage resulting from vibrations 
during deep throttling. The same nozzle configuration was retained for 
Sequence 8. 

The fuel temperature was reduced to 40 F for Sequences 7 and 8 to enhance 
the cooling safety factor during the throttling tests and the te^ts without 
BLC. Prior to Sequence 8, the injector was modified by inserting pins into 
the 68 BLC orifices around the periphery of the injector. Ten of these pins 
were found to be missing after the Sequence 8 tests. Eight of these were in 
the sector of the chamber defined by 6 = 70 to 110° [the fuel inlet is at 
0 = 270°). Theta is measured clockwise viewing from the injector end of 
the chamber. 

Performance 

Performance data for applicable tests in Sequences 7 and 8 is tabulated in 
Appendix B. The injector used in this program, L/D #1, had been previously 
tested at Rocketdyne in the demonstrator regeneratively cooled thrust chamber 
with a nozzle having a 9:1 expansion area ratio, at WSTF with the same hard- 
ware configuration, and at WSTF with the integrated thrust chamber with a 
72:1 nozzle. All of these test programs indicated a vacuum specific impulse 
with a 72:1 nozzle of 309-310 seconds. The baseline performance tests on 
Sequence 7 indicated a 2-3 second lower performance, the reason for which 
could not be determined. However, the objective of determining the effect 
of eliminating BLC on performance was obtained by comparing the performance 
data Sequences 7 and 8. Performance data for these two test series is 
presented graphically in Fig. 46. 

The performance penalty for operating with 40 F fuel (instead of 70 F) was 
calculated to be 0»3 seconds. The data indicates a performance gain of 

ly 1*5 seconds at nominal chamber pressure and mixture ratio by 
eliminating BLC. 





ASR74-229 
Page 103 


Based on previous test data, the projected effects of lengthening the 
chamber (mj ector-to~throat distance) and eliminating BLC are shown in Fig. 47. 
The thermal safety factors determined by two-dimensional and by one-dimensional 
analyses and the coolant bulk temperature rise values are tabulated on the 
figure for nominal mixture ratio at each condition. A specific impulse of 
313 seconds at nominal conditions results from lengthening the chamber and 
eliminating BLC. 

Thermal Data 

Thermal data taken during the Phase II test series at WSTF consisted of fuel bulk 
temperature rise, regenerative chamber back wall temperature, and steel heat 
sink nozzle temperature transients or columbium radiation cooled nozzle tempera- 
ture response and equilibrium values. These data, together with the data 
generated during the heated tube tests under this contract, were used to 
provide an indication of the safety margin at which the OME Integrated Thrust 
Chamber (ITC) was operating both with and without supplemental boundary layer 
cooling (BLC). Radiation equilibrium temperatures for a full size (G - 72:1) 
columbium nozzle with and without BLC were predicted based on the results of 
tests with the short demonstrator columbium nozzle (7<G<9) in conjunction 
with the full size steel heat sink nozzle temperature transients. 

Bulk Temper ature Rise and Heat Load . Coolant inlet and outlet temperatures, 
AT’s, and the heat load are tabulated in Table XII for each of the 36 tests, 
which were of sufficient duration to obtain thermal data. The operating 
conditions are also noted in this table. Five inlet temperature measurements 
were made in the coolant inlet manifold. Coolant jacket outlet temperatures 
were measured in three circumferential locations in the injector fuel distri- 
bution passages (see Fig. 1, ITC Installation Assembly). 

Three bulk temperature rises were calculated based on the three outlet tempera- 
ture thermocouples. The inlet temperature thermocouple TFB-6 was used as the 
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reference temperature for all three AT's because of its proximity to the 
inlet and general agreement with the fuel flowmeter temperature measurement. 
Temperature rises calculated in this manner generally agree within 8 percent 

TO If) no tr/* ati - f- r 


The response of the coolant outlet bulk temperature with and with ut film 
cooling is compared in Fig. 48 for typical cold starts. Steady-state outlet 
temperatures without film cooling are achieved in about 15 to 20 seconds 
Ninety percent of the final value is achieved in about nine seconds. The 
cold start test with film coolant appears to reach equilibrium in about 9 to 
seconds although the test was not of sufficient duration to verify this.' 

The long duration to achieve final steady-state conditions is due primarily 
O the time required for the non-flightweight inlet manifold to 
reach equilibrium operating temperatures . Subsequent tests achieve steady- 

state conditions in less than 10 seconds as noted in Fig. 49 for typical 
hot-start conditions. 

The majority of the tests were 10 seconds duration with the iniital test of 
most of the test series about 30 to 35 seconds to assure achievement of 
thermal equilibrium. The resulting average values of coolant bulk tempera- 
ture r lse were multiplied by the fuel coolant flowrate through the jacket 
and the specific heat of the fuel to determine the heat absorbed by the fuel. 

resulting heat loads for the tests without BLC are presented in Fig SO 
as a unction of chamber pressure with coded symbols to denote approximate 
mixture ratio. These data follow the predicted variation with Pc to the 
0 8 power. .-The effect of mixture ratio on heat load appears negligible, 

tested 1S WUh heat tra nsfer theory for the range of mixture ratios 
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The best-fit line obtained from the earlier ITC tests with a nominal 2.7 
percent flowrate is also presented in Fig. 50. The heat load for the ITC 
without BLC is about 26 percent higher than for the nominal film cooled 
design. The actual heat loads at nominal operating conditions C'c = 125 
psia, MR - 1. 65} are about 750 BTU/sec and 950 BTU/sec with and without 
BLC, respectively. As will be shown later, most of the increased heat 
load occurs in the cylindrical section of the combustor near the injector 
end. These results agree favorably with the original theoretical predic- 
tions of a 23 percent higher heat load without BLC. 


Back Wall Temperature . Back (outer surface) wall temperatures were measured 
in numerous locations 1 on the ITC (See Fig, 1) to indicate steady-state 
operating values, as well as start and soakout temperature characteristics. 
The steady-state back wall temperatures are presented in Table XII for each 
test of sufficient duration ( — 10 seconds or longer). 

Typical back wall temperature response from a cold start (i.e. , first in a 
test series) is presented in Fig. 51 for, a test without BLC. As would be 
expected, the response is more rapid in the higher heat flux throat and 
combustor regions as compared to the nozzle (X = +3 inches). Thermal equili- 
brium is achieved in about 15 seconds or less except at the injector end 
location (X = 13 inches) where about 20 seconds is required. The throat 
region temperature reaches 90 percent of its final value in about 3 seconds. 

Typical hot-start back wall temperature transients are presented in Fig. 52 
for a test without BLC, There is an initial cooling down of the backwall 
as the coolant flows through the channels before combustion gas heating 
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diffuses through the walls into the' cool ant and back wall region. Steady- 
state back wall temperatures are generally achieved in about 5 seconds 
except at the injector end (X = -13 inches) where about 10 seconds is 
required. ’ 

A notable difference between the tests with and without BLC is ;hat the 
soakout /temperatures prior to restart are in excess of 500 F at the x = -13 
inch location without BLC. This compares to a value of about 300 F when 
supplemental BLC is utilized. The head end obviously operates hotter 
without BLC as would be expected due to higher operating back wall tempera- 
tures (due to higher bulk temperature) and hot -gas wall temperature (due to 
increased local heat flux) . The acoustic cavity and dams probably also 
operate at higher temperatures and contribute to the higher soakout temperatures 

Steady-state back wall temperatures are utilized primarily as an indication 
of axial heat load distribution and circumferential heat load uniformity. 

These measurements are relatively insensitive to local heat flux variations 
and tend to reflect integrated heat load along a channel in that back wall 
temperatures are strongly influenced by the local bulk temperature. 

A comparison of the average back wall temperature profile with and without 
BLC is presented in Fig. 53. The effect of BLC is seen to be small from 
the regenerative coolant inlet to a point about 8 inches upstream of the 
throat. The primary effect of BLC occurs in the region extending from the 
injector to about 10 inches upstream of the throat. 

In the case of film cooling, the back wall temperatures are relatively flat or 
decreasing in going from X == 8 inches to the injector end. This would 
indicate a combination of reduced heat flux level and relatively constant 
bulk temperature resulting from the lower heat flux. Without BLC, however, 
the back; wall temperatures continue to increase right up to injector end 
and decrease only in the acoustic cavity region. This would indicate a 
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relatively constant heat flux and increasing regenerative coolant bulk 
temperature in the cylindrical region. Reduced heat flux level in the 

acoustic cavity accounts for the reduced back wall temperature in that 
region. 

The effect of film coolant on throat and injector end is also hown in 
Fig. 54 as a function of chamber pressure for various maxture ratios as 
noted. It is apparent that BLC effectiveness is minimal in the throat 
region. A marked effect is noted at the injector end due primarily to the 
higher integrated heat load occurring without BLC. The difference in back 
wall temperatures at the injector end are greater than can be accounted 
for just with coolant temperature differences, however, indicating a 
higher local heat flux as well. 

In general, circumferential variations in back wall temperatures were less 
than 10 F in the nozzle and throat region* The variation appears to increase 
significantly to about 30 to 40 F in the combustor/ injector end region both 
with and without film cooling. This variation would amount to about ±10 
percent difference in heat load to the regenerative coolant. 

Comparison of the average acoustic cavity back wall temperatures (measured 
at 8 circumferential locations) with the average outlet bulk temperature 
give agreement within about 1 to 2 F in most cases. This would indicate 
that these acoustic cavity region measurements are essentially equivalent 
to local coolant bulk temperatures (due to very low heat flux levels) and 
can be utilized to indicate nonuniformity of circumferential heat load. 

Based on the results of the 10 nonfilm cooled tests, the average circum- 
ferential variation range in heat load was +10 percent and -12 percent. 

A typical plot of back wall temperature distribution without BLC is 
presented in Fig. 55 for the test conditions as noted. (Thermocouples at 
the 270 degree location 4 inches to 13 inches upstream of the throat were 
inadvertently installed over mid- land rather than mid-channel and are not 
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included due to the resulting higher recorded temperatures.) The predicted 
back wall and hot gas wall temperature profiles are also presented for 
comparison. The predicted values are based on a boundary layer analysis 
(without film cooling) with a slight adjustment (~4 percent reduction) in 
order to match the total integrated heat load. The experiment ■ and predicted 
back wall temperature profiles appear to be in relatively good agreement. 

The predicted maximum hot gas wall temperature is about 780 F without BLC 
compared to about 740 F with BLC. 


Ra diation Cooled Nozzl e. Test Sequences 7 and 8 were conducted using the 
columbium radiation cooled nozzle. The nozzle attaches to the ITC at an 
area ratio of 7:1 and extends to an area ratio = 9:1. The latter dimension 
was selected based on compatibility with the diffuser utilized during 
earlier tests at Rocketdyne's facility. The 0.050-inch wall thickness was 
selected to simulate soakback conditions after shutdown. The wall thick- 
has a negligible effect on radiation equilibrium temperature. Typical 
temperature response data for tests with and without BLC are presented in 
Fig. S6, It is apparent that there is a definite increase in equilibrium 
wall temperature for the test with no supplemental fi 1m coolant . This 

essentially proves that there is film coolant carry-over downstream of the 
throat. 


The maximum temperature difference (with and without BLC) is about 240 F 
based on thermocouple #28. The predicted temperature difference is about 
260 F based on the thermal model discussed in the Phase 1 data dump 
(ASR74-117) . The maximum measured temperature is about 1710. F without BLC 
for the short columbium nozzle. This compares to a maximum measured tempera- 
ture of about 1540 F when supplemental film cooling was utilized. 

The use of full-size columbium nozzle (6a:72:l) would result in a wall 
temperature increase of about 90 F in each case due to a reduced view factor 
out of the nozzle exit plane. The resulting maximum equilibrium temperature 
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for a full-size columbium nozzle are, therefore, 1800 F and 1630 F without 
and with BLC, respectively. The latter value compares favorably with the 
1700 F predicted based on theoretical extrapolation of the CRES heat sink 
nozzle test results as discussed in the Phase 1 data dump. The slightly 
lower temperature achieved by the columbium. nozzle is due to f ' e high 
emittance (^r0.9) coating utilized for oxidation protection. 

The most significant conclusion to be drawn from the columbium radiation 
cooled nozzle tests, in conjunction with the previous CRES heat sink nozzle 
tests, is that the use of a refractory material is unnecessary at the 
current attach point with or without supplemental BLC. The use of an 
L-605 type nozzle extension appears quite feasible which should result 
in considerable cost saving. Alternatively, the columbium nozzle could 
be attached at a lower area ratio (^3:1) with an attendant reduction in 
engine weight and regenerative coolant bulk temperature rise (^20 F) . 
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Safety Factor and Fatigue Life . 

A primary purpose of the OME Reusable Thrust Chamber Test program (both 
chamber and heated tube tests) was to obtain data which would improve 
estimation of the OME regenerative coolant safety factor profile and, 
indirectly, fatigue life capability. This was accomplished t modifying 
the analytical models to fit the thermal data and then utilizing these models 
to predict heat flux and wall temperature profiles. 

The resulting predicted heat flux profiles at nominal operating conditions 
are presented in Fig. 57 with and without BLC. The film cooling model 
indicates a liquid film persists about 3 inches downstream of the point of 
impingement on the wall. The heat flux in this region is negligible since 
the film and regenerative coolant temperatures are nearly the same. The 
case without BLC indicates a nominal heat flux of 2 BTU/in-sec throughout 
the cylindrical combustor region. 

The resulting safety factor profiles based on 2-D conduction effects is 
presented in Fig. 58 for current off-design conditions (Pc = 120 psia, 

MR = 1.73 and Tj[ n = 100 F) . The coolant safety factors are similar in the 
throat and nozzle region. There is a marked difference in safety factor 
in the combustor region, particularly near the injector end. The case 
without BLC results in a minimum safety factor of about 1.2 due to a combin- 
ation of high coolant bulk temperature (reduced subcooling) and comparatively 
high heat flux level. The use of film coolant markedly increases the safety 
factor at the injector end due to greatly reduced heat flux level in the 
region of minimum subcooling. In addition, the maximum coolant bulk 
temperature is decreased which further enhances the safety margin. 

It should be pointed out that the ITC was not originally designed to 
operate without BLC. The minimum safety factor could be raised to a value 
of about 1.5 simply by increasing the coolant velocity in about the last 
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2 inches of the cylindrical section. This would result in an increased 
pressure drop of about 2 psi. Another consideration of interest is that 
limited electrically heated channel tests using a similar channel geometry 
indicated better agreement with 1-D burnout analysis. A 1-D an lysis 
indicates a local minimum safety factor of about 1.6. 

The cyclic fatigue life profiles were calculated at minimal operating 
conditions using the predicted wall temperatures. The results, with and 
without BLC, are presented in Fig. 59. The minimum predicted life occurs 
in the region slightly upstream of the throat and is about 4800 and 4400 
cycles for operation with and without BLC, respectively. Application of 
a life safety factor of 4 would indicate a life capability in excess of 
the required 1000 cycles for either operating condition. 

The life cycle capability of the two operating conditions differs the most 
in the combustor region due primarily to the difference in hot wall 
temperatures . 

It should be mentioned that a major restriction to the ITC fatigue life 
is due to the extremely high strength nickel (^66,000 psi yield) as electro 
deposited at Rocketdyne. By simply annealing the nickel, the chamber 
fatigue life can be increased since the thermal load would be divided more 
equally between the CRES liner and nickel closeout. Life can also be 
increased by reducing the thickness of the nickel closeout and/or CRES liner 
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LIMITATIONS OF SIMULATION 


The test configurations and conditions were made to simulate, as closely 

as feasible, the Space Shuttle Orbit Maneuvering System and its environment 

e results of the test program give valuable insights as to wl.. t might 

e expected in actual. OMS operation. However, the simulations were limited 

in ways which might cause the test results to vary from flight results 

Some of the limitations could be removed by additional tests, some by 

major facility modifications, and others only by conducting actual 
flight tests. 

he purpose of this section is to point out these limitations and qualita- 
tively estimate their impact on the agreement between test and flight 
results. 6 

GRAVITY 


he testing was, of necessity, conducted in a 1-g gravity field whereas 
t e flight engine will experience 0-g coast periods. The oxidizer duct 
was arranged to provide a slight positive drain from the valve to the 
injector which was felt to be closest to 0-g simulation although no orient 
tion can completely simulate 0-g with fluid coating the walls and draining 
y gas evolution and boiling. Little difference between test and flight 

is expected although the oxidizer may be retained slightly longer 
and get colder in flight. 

The engine fired vertically down during the test program so that fuel was 
retained by gravity in the coolant jacket, inlet manifold and inlet duct 
a ter the test. Under 0-g flight conditions, complete depletion of the 
fuel could be considerably more rapid than after the test firings. This 
is particularly true for the low-heat input cases where the firing duration 
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was 1 second or less. The effect would be 
to compress the acceleration and thrust 
overshoot vs coast time curves along the 
coast time axis as illustrated here schemat- 
ically for a typical thrust overshoot curve. 

The end-points of the curves would probably 
not be significantly affected. 

Accelerometer activity recorded after shutdown wouid be affected by the 
different propellant expulsion rates. The specific effect is not clear 
However, since the posttest activity does not appear at all in thrust or 
injection pressures, it is likely that no problem would be encountered in 

this respect with the flight configuration. 

AMBIENT PRESSURE 



Coast Time 


Ambient pressure was approximately 0.1 psia during the posttest vacuum 
soakouts and coast periods as opposed to the hard vacuum of space for 
the flight condition. This should have a small effect on propellant 
boiloff rates since the saturation pressures of the fuel and oxidizer at 
depletion were in excess of 0.3 and 3 psia respectively. Longer retention 
of the oxidizer due to gravity effects could increase the sensitivity to 
ambient pressure. 

PROPELLANT SATURATION 

Propellants will probably be saturated with helium during most of the OMS 
mission. The restart tests were conducted with helium saturated propellants. 
The throttling tests, however, were conducted with unsaturated propellants 
to provide baseline data. Saturating the propellants would probably limit 
the throttling capability although the extent of the effect is unknown. 
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CONCLUSIONS AND RECOMMENDATIONS 

The following conclusions are made based on the results of the Phase II 

tests . 

1. Delaying the oxidizer valve opening signal from 0 to 100 msec after 
the fuel valve opening signal does not appreciably affect the start 
characteristics. The fuel valve signal could be delayed at least 
20 msec without significant effects. 

2. Unusual accelerations noted on the starts of first tests in a vacuum 
period are probably the result of small quantities of gas in the feed 
lines. 

3. Oxidizer depletion occurs within 10 seconds after engine shutdown for 
all anticipated operating conditions. Fuel depletion times depend 
strongly on hardware and propellant temperatures. Over the nominal 
ranges of operating conditions, fuel depletion may occur from approxi- 
mately 1 minute after shutdown of a long-duration test with hot fuel 
to 10 minutes after shutdown of a 1-second test with cold fuel. Even 
longer depletion times result from shorter firing durations. 

4. Posttest accelerations with spikes in the order of 200-300 g’s can 
result from low-level combustion as oxidizer dribbles out of the 
duct and fuel boils out of the engine. These accelerations are not 
harmful to th© engine but can be avoided by a brief oxidizer purge 
at shutdown. 

5. The engine does not impose any limitations on restart times. Accelero 
meter spikes are low for all conditions tested with simultaneously 
operating propellant valves . Thrust overshoots become less severe 
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5. (Continued) 

for shorter coast periods. The overshoots exceed 100 percent of 
nominal thrust for restarts after long coast periods, and can 
probably be reduced by lengthening the propellant valve opening times. 

6. The engine can probably be throttled in the blowdown mode lo 65-75 
psia chamber pressure with unsaturated propellants before experiencing 
feed system coupled instabilities. These instabilities did not 
enhance the heat transfer to the coolant and appear to be harmless 

to the engine for short-term operation. 

7. Operation without boundary layer coolant, BLC, results in a 1.5 second 
increase in vacuum specific impulse and reduction of the regenerative 
cooling safety factor from 2.8 to 1,6 at nominal conditions. The 
engine can be operated over the entire anticipated P c -0/F range 
without BLC with a minimum safety factor of 1.2 (@ P c = 120, 0/F = 1.74, 
Tp =100 F). Based on previous test results, simultaneously lengthening 
the chamber to 16 inches and eliminating BLC would result in a vacuum I s 
(G = 72) of 313 sec and a safety factor of 1.4 at nominal conditions. 

The test program results lead to the following recommendations. 

1. Conduct further tests controling the valves (with all valves instrumented) 
to determine the effects of valve operating times and fuel valve signal 
delay on acceleration and thrust overshoot and start. 

2. Verify that lower accelerations on the start of first tests can be 
achieved by thoroughly bleeding gases from the feed system. 

3. Verify the projected 10-minute fuel depletion time for a one-second 
firing with 40 F fuel. 
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4. Determine experimentally the oxidizer purge requirements to suppress 
the posttest accelerations. Determine also the effects of varying 
the volume of the oxidizer duct between the valve and injector. 

5. Verify projected blowdown throttling capabilities while m: imizing 
facility operating time by starting tests at 100 psia chamber pressure. 
Determine the effects of helium saturation. 

6. Analytically optimize the BLC flowrate, chamber length and coolant 
passage geometries based on the results of this and previous test 
programs with the L/D # 1 injector. 
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APPENDIX A 

Transient data 

This appendix contains the pretest and start transient data recorded at 

WSTF. In general, the titles are self-explanatory. The following specific 
titles are further described. 

Start Conditions 


Test duration is the time between the start and the shutdown signals. The 
injector surface temperature is measured at three places on the outside of 
the propellant manifolds. The chamber top temperature is the value on the 
outside wall near the injector flange. The nozzle flange top refers to 
the regeneratively cooled chamber side of the regen/radiation interface 
flanges. The pretest temperature values may differ slightly from values 

presented as part of Table X in the text because of time differences when 
the data were taken. 


Start Trans i ent 


The fire switch is the primary start signal. All times are referred to 
this signal, which is sometimes called out as FS1 in the table. To obtain 
maximum values, the analog data was sampled at the rate of 10,000 samples/sec 
which is certainly adequate for the pressure and thrust data but could 
result in maximum accelerations which are 20 percent below the actual peak 
value. This accuracy is adequate to indicate the trends resulting from 
various operating conditions. 


i 



fcOCKETuYNC INTEGRATED oms engine 

sjAHt transient Characteristics 1 " 


date 02 / 22/74 
TEST OESCkIrTION 


SEftlCS HO/IhT-I 


SEQUENCE 


WHO rtW LUC 

START CONDITIONS tTO-3 SEc) 


test duration 

PHt V 1003 COAST Pt«10D, SEC 
rot e I NU T WitiSURfc* PS 1 4 
OMu I'.LtT F'kLsSUUt. PSJA 
fULL INLET TEMPtrfATURr* f 
OXJI) INLET temper a turf. f 

Injector 'sumf ace m;pl r 

CM«h..f.K TDP ItMPt'f 
COOLANT HAH IE OLD TEMP, f 

no/^le fLANJt Top uhp , f 
test cell PRESSURE t PS I A 

jtamt transient 


i.OlA 

0 

239,263 

ZoT»«lT 

6<?.?S2 

60.F68 

♦ft. +10 
39.559 
♦7,863 
40,952 
.064 


. 4.Q16 

1Z6,A«* 
2J9./63 
25V, o»b 

♦v,a?l 

«*e,2lo 

♦9.6*8 

34,6**4 

♦9,007 

34,605 

,065 


TEST NO, 

3 

1,9|7 
Z79V.602 
219,3?0 
2 09, SOS 
52.032 
54.6*16 
62.535 

54,546 

45,076 

36,654 

• 065 


l.llO 

84.441 

219. f 4S 
20 P,5q« 

6 6 , 6 U 4 

69,058 

♦*.907 
“ 51.174 
53, J97 
38.391 
,065 


Fiat S»I|,.h TINE 

flll valve command. sec 

< j*!0 '* >' LVt CuHHAKiU * SEC 
EC'tL ISOLATION Si CAT OPEN 

TOLL ISOLATION FULL open "" 

Putt ISOLATION travel tine 

Full Shutoff start open 

Rut l SHUTOFF Full open 

full shutoff travel time 

0710 ISOLATION start OPf n 

0*1 U I SO t U UlN FULL OPEN ■ 

OJIIU isolation tmvil time 

OAlU SHUTOFF START UPl.fj 

OKio Shu tuff full op*ln 

OUu Sriu f yFF 1 RaVtL TIME 
151 TO I-..* Pu,S£C 

Esi TO •*<_■% FC, SEC - 

MAAIRUJI PC# PSJA 

TIRE OF MAXIMUM PC, SEC 

RLAk *CLtLt"AT IOF j, 4 0060# 0 

1 1 -fc OF A^nSfi Ft AX 6 

U *K Af.C t L L>' A T I ON » 40070# Q 
T I J: E OF *0 0 >0 PAX o' 

ttM ? ,0N » * 0080 # 0 

TI M E OF 400' 0 max 6 

?*•** ACCL'LLhaTION. 40973, 0 

1 1 OF 4u97|j RAX G 

max 1 PUN Aai«l ThUISF* inf 
tul cf m.-.x t i Rust • sr c 

1p.h.UST uVfcRSFiuoT# pent 
M< iX. I PtjH 5 | 0t LOAD -V, LOP 

Maximum sjdlload -2# erf 


1* 29 25,484 
*724 

,594 

,613 _ 
,909 

• ft 96 

• 791 “■ 

.. .879 

,088 
,687 
,74t ~ 
*060 
,65S 
.741 

• 1)66 
1.053 
1,067 

19J,0C5 

1,071 

75.872 

1.049 

♦1,343 

1.047 
I9y,192 
l • U 8 1 
I73.y05 

1.049 
Vi92, ( :V5 

1.059 

53.202 

1 ? 4.144 

166.145 


14 31 33.984 

• 722 
,■>96 

_ * 763 

,903 

• UO 

• 7«1 
.875 
*094 
.663 

" .781 " 

,118 

• 66 1 

,769 

■ .108 
1,029 
1.629 - “ 
245,403 
• 1,0*9 
2ft6 1.72b 

1.031 
196.737 
l.yJl ~“ 

I9«,19* 

i.«n 

180.656 

1.1)31 
19612,668 
'1.031 
226. o7« 
?40,4OrJ 

37*. 1 6 * 


15 l« 17,602 

• 720 
.590 
.789 

.901 

.11? 

.789 

.673 

,084 

.661 

.7S5 “ 

• 094 

,6b5 

.747 

" .092 * 
1.043 

1 .OS 3 — 

180.306 
1.057 
64.714 
.807 
15.57? 

1-045 

*0.676 

l.oSl 

27,104 

1.045 

12329,918 

l»04f 

Igi.499 

160.476 

2*0,775 


15 19 43,960 
.7*4 
.595 
,7 63 
,097 — 

.114 
.78 T 
.073 
.090 
.663 
,779 
.116 
,6*)T 
.76 1 
.106 
1.0*9 

1.431 

*♦5.463 
1.031 
66ft. 5J0 
1 , s>47 
196. / J 7 
l,o 3 9 
i 9H.192 
1.031 
16 :• . 6*>6 
l , o3 1 
19554.739 
1.033 


REPRODUCIBILITY of TH^ i 
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ROCK£TOYN£ integrated ons engine 
S tART ? « ANS It NT Cham act ERISTICS 


II 


DATE 02/26/74 
“TTSF" DFSCrIPTTOS ~ 


SCRIES RU/lnT-l 


SEQUENCE 


COCO-tNOtNE TTEStARr-EVAUUAttON WTH pO$T-FlRE PUROlNO. COOLED ENOlNt WITH ISOPROPYL ALCOHOL IN REOEN JACKET 

AFTER T E ST 1)i PU R6EQ out PRIOR TO PERFORMANCE VLRIFICaTION T£5T U* 


START CONDITIONS (TO -3 seci 


TEST NO, 


o # 

1 S 

• i 

S 

§ 

cj 

&§ 

ci 

<n 

L Q 

13 

# x 


II 


TEST DURATION 

PREVIOUS COAST-POM 00, SEC 

full inlet pressure, psia 

• ox In Inlet PRESSURE, PS Iff" 

FUtL INLET UMVEHATUWE, f 

OXIq INLET TEMPERATURE*" f' 

-'-INJECTOR SURFACE Tt^P, F 

XHAHHER "TOP TEMP r T 

COOLANT HANITOLO TEMP, F 

NOZZLE 'FLAWiE TOP TfMPVf^ 

TEST CELL PRESSURE , PSIA 


1,006 

- fl - 

221.44? 

2o9.2+» 

sa.v.so 

61*721 

46.261 

"AJTOAiT 

46,496 

*6,067 

,066 


i, on 

6**460 
221,44? 
209,660 
64,966 
" 67, *76 
48,867 
—42,484' 
*8, 0«* 
*7, 0 OI 
*066 


1,013 
66,0*6 
221,666 
209,245 
67.023 
" 70,038 
49,966 
46,847 
49,325 
50,164 
*065 


1,010 

63.730 

221,866 

210,090 

68,379 

70,208 

50*964 

*^0;715 

50,07j 

46.5/9 

,065 


2.015 
“ 63.R94 
221,442 
210,090 
69,402 
7|,56* 
51.661 

51.6«1 
61,67 J 
46.U2 
.065 


ST 4 RT TRANSIENT 


m 


18 


81 


TINE SWITCH 1 1 NC 
full valve command, sec 
- OX 1 D V ALVr COHR AMI , 'SFC 
FUEL ISOLATION START OPEN 
FUTL 7 SOL'ATI CN FULL'OPFN 
FULL ISOLATION TRAVEL TIME 
TUFT SHUTOFF START OP|N — 
FULL SHU 1 OFF FULL OPEN 
-FUEL SHtlTOFr TRAVEL TtMF'' 
OXIO ISOLATION start open 
-TJX 10 ISOLATION FULL OPEN 
0 *IU ISOLATION TRAVEL TIME 
~OX 10 SH'JTOFF START OPEN 
OAIU SHJTofE FULL OPEN 

oxro shutoff travel tthf 

fsl TO PC, SEC 
TSl“TO' tiiAiT PCr'SEC' 
ha*. I MUR mC, PSIA 
time OF MAXIMUM PC, SEC 
PEAK ACCELERATION, 40060 , 0 

■7 IMF or 40GCD MAX' ff“ ~"l 

H<H XCCtLFhATIQN, 4^070, 0 
TIME OF 40070 MAX'G 
PEAK ACCELERATION* 40080, 0 

'TI«E OF 400^0 MAX G 

FLAK ACCKLLkAT ION, 40970 , 0 
TIME OF 4 q 97 D max r, ~ — 
maximum AxIal THRUST, LGF 
TTmf 0 F“WAX 'THRUST, SEC 

Thrust overshoot, pcut 
maximum SIUE-LOA 0 *r, lRF — 
MAXIMUM SIDLLOA 0 •/, LHF 




« 


II 


US 




ROCKETOYNt INTEGRATED OMS EmOInE 
START TRANSIENT CHARACTERISTICS 


wu »2/2WT*„ SERIES RD/IhT- 1 _ .. StSUENct I 

T^fOESCNtPlION ' ~ 

COtp-ENOINn»E5fAR7 XVALUAtJON“MtTH pOsT-FIRC PURGING, COOLED ENGINE WITH ISOPROPTtr ALCOHOL IN REOEN JACKET 

AFTt ft TEST 111 PU PPED OUT PRIOR TO PERFORMANCE V ERIFICATION TEST 12* 

start CONDITIONS ITC-3 SEci tesT N0 * 


TtST DONATION 

pkCv i &us "CoMsrrFft i W 7 


src " 


FUEL INLET HRPbSURE. MSU 
OX I(i I MET PRESSURE* PS M 

full Inlet iempehatugl* f 
OX 1 cr iNtfcf TfcNPtNATUht# F 
INJECTOR SURFACE temp, F 
-CFi J. M ! r ft T 6 1 F> »>*“ #' 

COOLANT MANIFOLD TEMP, F 
HO/ZiX "FLANGE TdP'TFMPrr 
TEST CELLPKE S5UPK • PS I ft 

START TRANSIENT 


10 

..... u : 

12 

Uoll 

■1.016 

35.010 

“ 136. 829" ' 

221.447 
" ' 209,245 

71,943 
7 1,822 
54,175 

63,019 

221*018 

Z09.A6S 

70,924 

73,3b? 

40,067 

66,1 35 

220.593 

209.660 

71.433 

t3.692 

59.714 

"~97.495 

73,752 

41.027 

65.137 

45, i 78 

65,^90 

63,479 

63,991 

69. US 

. ,*065 • 

.064 

* 064 


y 


it 


ii 


"f IHE SW 1 1 CH T l HE" 

FUEL VALVf COMMAND* SEC 

OXIo MALvE COMMAND, SEC - 
FUEL ISOLATION START OPEN 
'FUEL I ATI OUHTl'lC CPE N 

FULL ISOLATION thavil time 
TUEL SHUTOFF START 'OPEN 
FUEL SHUTOFF FULL OPkM 
FULL SHUTOFF' TRAVFL TIME 
OMq ISOLATION START OPEN 

-Uri© ISOLATION FULL OPEN — 

0 X 10 ISOLATION TRAVEL TIME 
"OXIO SHUTuFF; 15T»F<T OPF.kl ~ 
OAlb SHUTOFF FULL OHlN 
OXID SHUT CFF TH 4 VFL TIME 

FSl TO U ‘4 FCtbkC 

FSl TO -DO.V PC, SEC 

MAAIHUH PC. psia 
TIME OF PC* 5 FC 

PFAK ACttU:*;ATlOM» 4 <}(j 60 . a 
T 1 V 'F OF AvOtb MAX G ” 

PLAk ACCtLtMAriDN» *i) 07 O* 0 

“TIT or 4 0070 "AX G 

Ml An ACLt Lt*'A T I On, 4j(|8l>» G 

TIME OF 4U0NU max G — 

peak acgi lemat ion. aontd* o 

tlMF OF AgNTD MAX G 

paainum axial Thrust* u<f 
time of MAX THRUST, src~ ' 
thrust oviiomuot* pcnt 

maximum SIDLLOAO -T» LHF 

MAXIMUM SlULLOAU ml, l«F 


T9 49 9.Z22 

.475 
* 194 " " 
,543 

,653 

*110 

*533““ 

,394 

,449 

7TZT " 

* U « 

,469 

, Jfe 9 

,103 — ' 

, 795 

, 303 — ' 

iaa, 7 o 9 

»so 7 

35,5311 

,199 

IT , 716 

,/99 ~ 

14 .JS 30 

,797 

3M,7IO 

.091 

12352.747 

, 799 

105.479 

" 192 . R 62 

323,295 


SO 16.366 

15 52 34,213 

,460 

• 4«0 

--, 396 -- 

.390 

• 5*7 

.541 

• 697 

,457 

*110 

• 116 

. *533 

•533 

* 6?9 

.627 

*096 

" • 0 94 " 

• 455 

.457 

• 5 Tl 

,569 

• in 

• 1 12 

i 4 55 

* 45.1 ~ 

.565 

• S 67 

.110 

■•114 

.797 

• 79 i : 

»flOT 

,80 3 

175.929 

170,624 

.811 

.807 

30.944 

152*436 

.071 

.793 

16*156 

55*153 

... #?w 

,791 

15 . 6*1 

Z' 3.678 

• ROJ- 

.791 - 

35.905 

100*982 

- ' .<=,79 

*791 — 

r^- 
> 
♦ 
— ♦ 

CM 

10369.078 

- ,<,01 — 

.799 

104,364 

72.818 

220 . 994 " 

” 717.467 — 

377, t 25 

339 , 51 * 


~"~£W 

- £$ 




o — 


— . — 


w 
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rqckeToym Integrated oms riMiur 

start Transient characteristics 


date 02/27/74 

TEs| DESCRIPTION 


WRftS Ro/jwNa 


STA?«T EVALUATION VI fH VARIABLE OX V^LVr 

engine unpuroeo restarts vith 3 ano j.- 


SLOUENrE 1 


START CONDITIONS (TO-3 SEt) 


TEST DUMATUiN 

PREVIOUS COAST PERIOD. Sf C 
FOU INLET PRESSURE* MSI A 
Oklu If.LET RRt SSUP't • MS | A 
nt't L ! WLKr ^MHcNATURf, f 

i NLtr UmRf mature, f 
INJ r.CfOR SORE ACE TeWRa* 
chamner top Temp, f 
coolant manifold Temp, f 
no/ile EL a NO t TOP T(‘MRt r * 
*E$T CELL PRtSSUMEt PSJA 


leads, simultaneous valve signal* T tr.f i *«« 

MlNUTC.COAST.PrfU DOS. ^ TtST 4 **° SUBSWuCNT. H0 T - 


test no. 


M 

w- — ■ 

J Lti 


PI«E SWITCH TIME - - 

£ Uk; t Valve command, srr 
OX 10 VALVE COWHAND! SEC 

— - fhm !?M*on start OPEN 

f^LL ISOLATION FUlL OPfn * 

lufL isolation travel time 

PULL SHUTOFF START C'Mf.N 

Shutoff full open 
phel Smutl’FF travel tihf 

— S*IO }r^ A J! 0N St ** T OPEN 

uxjo rUtL 

oxiu Isolation Travel TIhe 
DX iO SmuThFF STaNT OPFN 
OAIO SHUTOFF FULL OPlN 
OMU SHUTOFF TNiwl TIME 

JSJ TO K* MC.SLL 

FM To uct Pc, sEC 

nxxmim pc. ps i A 
TIME of MAXIMUM pc, sec 

? « '*^0, 0 
TIME OF 4flrjft0 pax b 

— ACtfcLERATlONf * B j 7DB « 

XiS MAX o " 

HmI JJ uteh ATlON f *ogAD| 0 
I 1 *1 £ * 0 V> 1 > Max ft vo 

Tlir *J Cf LLMATlON # * 3970 * 0 
4tlV 'D W 4 A ft 
Ax * A L THRUST* 

Hut of pax impost, str 

thrust ovi. rj-hoot, pcnt 

MAa iHUH ilDf.COAO *y t , np 
NAAlMijM GlOLLOAo J t \ {$ 


I .<*15 

0 

?2l.«66 
21 7.444 
60.3?9 
61. F32 
52 « .,8*J 
51.174 
53.029 
52* 7/4 
• ObT 


16 51 |,9*3 

.*8t> 

• 399 

• 569 

• 6 SI 

.082 

*537 - 

. 62 ? 

*090 
«4ft9 

•is r — 
.082 
.455 
.559 
*104 
.797 

_ ,*n • 

156.535 

**25 “ 

*2.403 

.791 

S y «6j3 

.791 
203.731 
• 791 
208.549 

.791 " ’ ' 

_7594,?aa 

•*|S 

26*413 

200.972 

l’S.l7S 


__ Uois 
63.435 
221.462 
217.96.4 
68.210 

_54.S«6 

46.524'" 
S3 . j|9fl 
52*724 
*OM 


1**2 6.343 

.476 

• 1*4 
>531 

• 6 bl 

.5<3" 

• 6«‘4 

• 98 b 

.455 

. '>7 j 

• } l d 

•4b i" " 

• S?l 

.]20 

.?91 

.9 01 

JT7.3MR 
_ .«0b 
’ 2 .JOJ 
. l75 

J0.J36 

. 79S ~ 

?1.98 l 
. ^7 ‘j 
66.S3I 
• 1 19 " 
J 2429./38 
.795 
Jl3,«?9 

2J».4iO 

440.660 


63,099 
221.44? 
217.541 
70.076 
76.643 
SS.lAi 
52.139 
52.521 
^•7?3 
• 066 


14 53 16,457 
.4 79 

• * 5 q 

*539 

•h$f~ 

*114 

• 539 

• 6?9 
*090 

*51 7 

*627 

• 110 

•503 

• 621 

• ilo 

* 79 i 

.«63 

169.RSJ 

*809 

43.49j 

.67.3 

is.isg 

.795 

22*213 

♦ 797 
3*. l«ft 

.795 

12527,529 

.799 

10 R , 79> 

239, ? 4l 
363,1)93 


_ 30.003 
62.91 7" 
221 .018 
2f7 .54 \ 
71 .«03 
7b. ,11 

56. ) 7/ 
5b . <9i* 
5F.779 
54,77? 
.065 


14 54 14.369 
.4 76 
.4*0 
.537 

“ *649 

.112 

.5 19 — 

* 6 r'S 

.uRft 

.559 

*,*,67 

» I OH 

.547 ~ 

.669 
.112 - 
_ .791 

fjJ 

J 66,96ft 

.*‘09 '• 

3*.>>?4 
.313 
23.7<)o 


31 S 

.79| 
3i.i)7ft 
.7*1 
1230 4, 9b 3 
;79r- 

10 s . o^i 

24^,001 

324,65? 


15.au 
" ias.053* 

220.164 
216,387 
7b.bT9 
81,911 
1 04 »V00 
170.457* 

I ? '♦ • 4 4 7 

1 JR. 6 11 

*063 


‘ 14 57 5^,44» 1 

• */6 f 

T . 5 ft? 

.5 11 

*649 1 

*»H f 

.541- 

.4>J j 



.Aft? — 

__ *1»4 

,fS3 

• P6 7 

.114 

.791 

07 - H 

157.64, j 

.no 9 j 

,»7.7brt 
.*4) “ 

17.601 j 

.795 

22.444 

.669 • 

33. .! tf, 

.549 

13823.103 

- ;7<7V- 

uo .386 1 

179.4,7 J 

341.201 ! 
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nOCKeltlYNE INTEGRATED OMS EWOJNE 

STARt TRANSIENT ChARACTF-HISTICS 


DATE 02 / 27/74 
TEST DESCRIPTION 


SERIES RD/tHl-J 


SEQUENCE 


ST APT EVALUATION with Vi,UA»LE 0* VALVE LEADS, SIMULTANEOUS valve signals fF«;T * and *!US<.Four»iT 

- - UKPOftotu H*mn hmw , su* se»ud,t. 

START CONUttlONS 00-3 s£c> TEST NO, 


HOf» 


; 

£\ 


te.st ouhation 

PREVIOUS CO-ST PEN I no, SEC 
full inlet pressure* psja 
0 *ln INLET PRlSSDmj, , PSfA 
Full INlLT TLNRfHATURf, F 
0X10 I Nit 7 TEMPERA fOi<f , F 
INJECTOR surface TEMP, f 
CmammER Top temp , f ' 

COULANT manifold TEMP, f 
MUELE F Lance TOP temp, >" 

test cell pressure, psia 
start TRANSIENT 


. StOlS 
123.1ST 
229.W3 
2 1 T , 1 1 (I 
77,124 
61 *H£6 
|U. 49 S 
l& r A.730' 

iap.m 

139,rt53 

• 063 


TIME SWITCH TlMf " 

Fuel valve comma no, sfc 

oxllj VALVE! COMMAND, £f e ’ ' 

_FUEL IS- -MHOS start OPRI 
FUEL 1 SOLA f I on full "open 
foil Isolation travel time 

FULL SHUTOFF S 7 akT OPEN “ 
FUFL SHUTOFF FULL OPEN 
fitt.L SHU ft FF TfuVFL TIM!- 
oxlo ISOLATION start open 
0*10 tSui«TlOH FULL OPEN* ' 
0 *IU ISOLATION TRAVEL time 
0 X 1 u SHuliiFE START OPf'N 
OX ID SHufoFF Fui L CPf N 
QMU SHUTOFF froVEL TtNf; 

FS 1 To 1 04 Pt,SfC 
ESI TO vn PC, SLC 
maximum PC* PSIA 

the of- maximum rc, sec 

Pt.\K ACCE LLu A 1 ION, 4<>06l>* « 

7 Id* OE *{>(■<=(• .MAX b 

E * ** ALLELE >*A I JON , 40 fl 70 ».< i . 

T 1 HE OE 4 o -0 To HAA a 

FLxk ALCI.i.1 HA I ION, 40 JhU, 0 

Tl 'f. OF »'A* I, 

FE-VK ACCE..LE ha f | 0 n, 40970 , Q 

TIME (jfr 4 .v;M) MAX U 

MAXIMUM AXIAL TMMliST, LftF 
T Hfc OF H-; A IhmJST, Sf.C 
7 rti'UST 'W t HSmoOT, Pier 
MAXIMUM SiOtLOAO -V, LRF 
PAa HUH si DC LOAD -2 1 KHr 


is o I 0 . 6 l 6 

,A7V 

,499 

'.MV 

,120 

.ssi 

. 62 * 

,072 ’ 

tbST _ 

.114 

• SSI 
,66 7 

• U* 

*?9i 

. *799 
JN.JIO 
, c <i 3 
44,635 
,497 

17 , 13 b 

, 79 > 
21.171 
, 79 u 
32 , *>) 6 

# 4 X 5 

IU 76 . 724 

. 79 b' 
97 , 9*5 
| 9 S , 397 
1*4 . Hid 


/$ 


a 

Jb. 


'£ 

JL 



j 



A -7 


1 

lC. 

_ > 


ROCKCTDVNE IHTeuRaTEO OH3 ENGINE 
START" !*?ANSTtNT" CHARACTER I ST JcS 


w 


SERIES 6K OME RD/IM l 


StQUENCE 


DATE 28 Ffc3 4 
Tlit OtsCftlPylClH 

HOfENtjlNt OMptmOEO «F$TArT TESTS *It h COAST ptRlODs RANGING F ft OM J MlNuT? T« l S^UNO, To Ota f , HHH/NfOi 
SATURATED AT 290 T>SU. 

START CONDITIONS (Tp>3 SECT Itsy NO, 


IB 


TEST DURATION 

pHtVIOUS COAST PERIOD* SEC 

f Utl Inlet PRESSURE* RSlA 

DXlu InLE t FkE.HSURI. • PStA 
fUEL INLET TEMPERATURE, f 
OAln InUt TEMPERATURE* F 
Injector surface temp* f' 

ChAp lit U I UP iLMR* > 

COOLANT MANIFOLD TEMP, F 
WMiie'FLAMGE TOP TEMP, F 
TEST CELL PRESSURE* PSIA 

START TRANSIENT 


FIRE 58 ITCH TIME 

futi. valve c o^m a no* sec — 

OXio VALVE COMMAND* StC 

FUtL ISOLATION START OPEN 

FUtL I SOL* | lO"* FULL" OPEN 

FUtL isolation travel time 
Full Shutdff start open 
FUEL SHutOFE Full 'OPEN — — 
FUEL ShUTuFF TRAVEL TIME 
D>i0 ISOLaTJOKi START OPEN 

OAIU ISOLATION f Oll open 

OX ID ISOLATION TRAVEL time 
oxiu SMOFoFT START open 

Oxiu ShjIoFF Full open 

oxiu SHorufF travel time 
fsi 10 i£s PC* StC 

FSl To w* PC* StC — 

NAaIHoM pC* f-SlA 

Time OF MAXIMUM pc, SEC 

Pfc *K ACCELERATION* 4 oO &D * ®" 

TIME of AOO^U'MAX g 

PEAK ACCELERATION* AooTU* 6 

TIME of AjoTO MAX o ••-— 

PEAK ACCELERATION, AOO0O, G 

Ume of a c n-u pa a o' 

Peak acceleration, 4^970* 0 

TiHfc- OF A »H (0 M AX b' 

RaxjhUH axial thrust, L»r 
time of Max V*usi»*sec 

ThhOst’ ovlrsaoot»*pcnt 

RaaIhum siotlOAO •v » ldF 
MAAIMUH SIDELOAD m2* lbf 


32*00* 

0 

220*14* 

2I5«oq5 

67*7*5 

66*556 

6J.4S7 

H'lll 
62, Sn 

*0*9j9 

*078 


15«0I6 
*0* 1)62 
22 i*0l fl 

73*778 
T*. fto*- 
164*62* 

£04*0*6 

100*245 

toTo 


10*T*2 

ic,^33 

21**745 

212**59 

7*,B8.l 

74*267 

Uli'Ul 
69.6 69 
",079 


'■ | ^ 19 ‘J 

10*006 
35* St 6 

2<?g?'>9;i 

210*777 

75*96? 

75* 1 IS 
ll7*3|2 
2SS* 394 
I(j7,*5* 
**< *84q 
;}!* 


u 


is 


47*0*8 

JS 9 l?*10ft 

,00* - 

~ >004 - 

• 00* 

♦60S 

• 091 

• 0^7 

.179 

*179 — 

*089 

*122 

*061 

, 4 .. ___ 

• y 7 3 

*183 

*l53 

*092 

*080 

*091 

*059 

- - - « LA — 


15 6 


fl86 

CSS 

16* 

11* 

)j7 


.U* 
< 06? 

iWl 

>11* 

,30c 


1*3 


IT2.S26 

l«7,ui 

jdA, v25 

173,^3 


, ib7 

*3il9 

*2R9 

*295 

..173 

53 

.830 

' 52,b<»4 

56*120 

9 j.625 - 

*0» 7 02 

1 

*039 

• Jill 

♦ m 

* j*9 

* 1 0 J 

33 

.872 

13*03* 

12, u3 1 

1 5 ♦ 7 1 0 

2o, lo7 

~ 

• 329 

t?i)) 

. .279 

' -■ * «7 - — 

• t’63 

v ?ol 

• ii 1 4 

63*2*;, 

BV.ojH 

4;;t 7 76 

7y« ,; 42 

•3,9 

•225 

• 1 93 

25.'), 5 


* 

• th* 

64 

2 1 • '(*2 

2?» ,*2 

30**23 


• 32 9 

*0*19 

•«j97 

« 1*9 

1* 51 

7623 

,651 

5700* 4 6f. 

94 y 9.34* 

9553.657 


•343 

* 303 " 

*29 t 

- — • *par - 

‘^65 

?? 

*(,61 

*1*674 

56, 8^2 

v 3» i jo 

59.231 

1 B* 

**94 

l^o* 

223’ M 

1 6 a. 2*6 

2 jT»;2g 


.399 

232*246 

23?*33« 

300*553 

jBb*?! f 


5,057 

007 

00* 

059 

W9 ' 
120 
OSS 

151 — 

im 

059 

179 

123 

0S7 

171 — 

114 

273 

2 3 


15 6 


51*335 
v 

• 002 

• g57 
*177 

• 120 

,059 
*147 — 

• i>8-8 

• >iS 7 

, I ?3 

.116 

• )5S 

• 16S 

*110 

• 2 i 1 


5,015 
20*o9i 
2?0 • 1 69 
21 J.?3G 
75*9(1 7 
75»?o 9 
122**9* 
251*3*1 
I05» fa 2j 
95. Jj* 
• J9« 


15 7 2l, *34 

• CO* 

0 

OSS 
,17* 

12 * 

L6S 
15 1 
CR& 
uV* 

17> 

U* 

J ST 

1/5 
l 18 
25J 


Og 

nn 

s § 

■as 

Q 

SI 

- 8 | 

- ro o 

■ *Td Hr! 

O 

o d 

& s 

-a ® 



ROCKCTOYNC INTEGRATED QMS EwGlNT 

S?*RT 'TKANSlTENr CM^RacIE«ISTIc|^ 


H*It? ftK OME Htl/lHT l 


date za rte * 

i?ST OESCrI^iIOn v "* * StfiU£«CE • J 

_ ^.^ W!fl oH l H,so ! c I o , sft ^ „ a?a El MWVMr0 , 

START cowon IONS CTO -3 SEc> ... . 


TEST CONATION 

PKcViolij COAST PERIOD* SEC 
fUt.L Inlet pressure, psh 

0 *lo XNLLT PWiuMlHt * P$ J A 
Toll IwLtT TEmpera tore,- f ' 
6 X||) INlIT TthrERAlURE, P 
INJECTOR SU*<7 ACE TE>tp, F 

CHApfttR "TOP uAp* f 
COOLANT HfiWifOuO Tfcpp, F 
NiU^CE fLANut TOP Temp, f 
tut CtLL PMtbSUPEi PS 1 A - 

START TRANSIENT 


f I«t SWITCH TINE 

Fi.‘tL VALVE command* SEC 

o*|o valve Command* sec 
foll isolation start open 
H> tL ISOLATION FULL OPEN - - - 

f u ll isolation Travel time 

Fot-C StiUluFF START OPEN 

fUtL SMjfuff FULL OPEN 

FULL SMUtOFF travel time 
0 *Jo ISOLATION START OPEN 

' Da i u iicLATioN FUEL OPE « 

oaio isolmTIDN Travel Tint 
OAll) SnUloFF START OPtN 

OXIU SHU luff FULLOPlw - 

oaio Shu T ofi travel' time 

7*1 to 1 0 a Pl* Sfcc 

fsl to 9 v:i Pc* SF.C 

MAAiRyM ‘ y.s.lA 

time OF MAXIMUM pr cr. 

TiMr *^ tLtWA IIOh* , *006Df-» 

I* H c or * d a ' ju max o' 

. 4 ooTD* 0 

U*l ?t,^TD.MAX b 


rfw - . 7 ' J P • ^ riflA LJ •••-■" 

nil? ?^ £L Wi<w» aoo«o. g 

TINE Of AgucJU rax G 

tlir ^^ MION * 4 q 970 # 0 

TINE OF 4^970 RAX 0 
PAXjhUm A^IAl T MRU ST , LHP 
H ~* THRUST* 'SEC 
JWRObT CVt RSfuOr* ■ pc NT 

haximun stolloao -y; lrf 

WaXhUH SIDElOaO - 2 , LbP 


XI 

5 . 01 ? 

67.540 

??&*lo 9 
2 j ?«468 
* 4. 7 13 

tS.^ 6 * 

| 2 l * 2 o 3 
21 7 . 54 6 
JZI.SqJ 
|3J *25? 
• 10 * 


|5 « 34*039 
,006 
♦ 002 

• 055 

' ,141 

,126 

,u55 

, 1 ST •-•- 
« 1 0? 

• 0 S 9 

“ ,u« 

,120 

• 6*7 

,181 “ 

• 124 

• 22 ? 

— " . 23 , ’ “ 

216,531 

♦ 2*5 

392,842 - 

♦ q65 
1*9.554 

• 2 l 5 — " 

2 qu«i* 

•?lS 

537 . 45 a 

* 2 |S 

12355,399 

♦ 24 ? - 

105*4^3 
23**241 
226,670 


13 

Aw«,m 

9,017 

10 * 0 j 9 
2 i 9 ».l 20 
210 . 7/7 
74 » 8«3 
?$* 62 * 
127.628 
236.666 
1*1 * 8 j 9 
134 , 2*5 

“Ul* 


IS 0 49 i( j95 
.' -,002 
* 00 * 

• 0*1 
<175 - 
,ii* 

,093 



* (| 9 d 
• ' , 0 S 7 

" ■• 1 73 ■ - 

,116 
4 0*5 

* 1 73 - 

*221 

,233 

2 | 7 t oia 

,?J4 

- «Z .*62 

* 21 ? 

39,331 

26 1 • H 1 4 

u * 2 *i 

V 7 .h ,5 
23 ?. 4?4 
203*137 — 


rcsr no, 

5*019 

*•^13 

2 l 6 ,o 47 
213.736 
" " ‘ 74,268 
7 3*673 
126.97* 
224 .J 4 S 
117 . 9 b* 
131*720 
,1*6 


15 


5.000 
1*975 
21 a *047 
21 5 * 736 
74*^88 
7 j* 67 i 
120'*?4 
224 . 14 S 

ll 7 »> 5 * 

l 3 lU 2 o 

,[46 


15 9 59,025 
, 002 “ 
* 00 * 

*053 

*177 — 

• 12 * 

,053 

,155 — 

,102 

• 061 

.179 

,118 

.059 

,179 

*120 

• 215 

2 

207.774 

*737 

122,648 

e„' /n 

B o • o o o 

• ? 2 l 

11566 , lo a 

• 23 ? 

9^*768 

ZAj.^a 

2 l 2 *VT 5 - 


4 * 


9 6 ,ol 9 

- , 0»6 

*002 

♦ 053 

*174 

» 126 
.051 

*159 - — 

,1>B 

,065 

*18 1 - 

• 116 
. * 061 

, r l «3 

! 122 

• 7 'j& 

. 22 ) 

206,320 

• 224 

473*014 -- 

, *723 
87.354 

*219 

2 b |* ai 4 

• 149 
121.127 

*t> l 9 

l ! 0 fl l , M 7 

• 2? 9 

8 , * 

2 * 1*208 

"" 2 6 4*6*i ' 


- - 1 » “"- 

4.834 
1*151 
2 l & »047 
21 3 * 7 jo 
74 * 780 
73.673 
128 .U 4 

2?4. J45 
11*^54 
331 *T 20 

•146 


i 9 * u*l ?0 

,002 

*004 

*.i 5 j 

.177 

,124 

,051 

-■ ,159 ■■■■ — 

• lo« 

,065 

,174 

.114 

• >.61 

.174 -- f 

» 11 « 

.174 

• ^09 
208,022 

.217 
74, 446 

• if/ 

56,267 

• I 9 V 

29 l .*,4 

• 195 
loS.U* 

» l h 3 
11 g 84 .b 76 

* 2 j 4 

84.146 
241.260 
326 . 2*4 


REPRODUCIBILITY of the 
ORIGINAL PAGE IS POOR 


o.c. 




ii 


pate sa Fta a 
Tf 57 SCui^T * 0 *? 


series ak one ro/iht i 


sequence 


• j 


^fCRATtp C Arz^SU^ StAftI TE 5 T * * l ! H S°*5t pEfllOps RANCiNtI F h Q* J NINyiE T 0 | S |CONp f 


To oep r, MKH/HfOt 


IN 


HI 


19 


fl 


START CONDITIONS ttfl.3 SEC) 


TtiT DURATION 

f-RLViuUa COAST PERIOD. SL'C 
Ft-tL InLU HRlSSURL* P5U 
OAl[j iMfct RRi SSURE, RSlA 
FULL IfjLtT IfcMKtHAtURE* F 
U*lrj INLET U«PLKAtDi»ct F 
INJLCTOH SU.iFflCe Ti.HR, f 
chamber tor' ft-.HR* f 
COOLANT HANlfOLU TfcHP, f 
NOZZLE FLANGE tOP TEMp, "f 
test CELL PKtSSUPEi RSIA - 

start transient 


TEST NO # 


FINE SWITCH TIME 
f ,; tL VALVt COMMAND* SEC 

OAio VALVt Comma no, sec 

FOtL ISOLATION STaRT OPEN 

FUtL ILuLaUon FULL OPEN 

FULL I SOLA T i ON IHAVfcL TIME 
full SHurwfF mart on" 

FULL SKofOpi FULL OPE N 
futi smOTufF Travel time 

OAih ISOLATION START OPEN 
OAIu ILLATION FULL'OPFN - 

OAIU isolation travel time 
0*1 u shutoff Start orfn 

OAJy SfiuTotF FULL CP; N ' 

oxio SMuiutF Travel Time 
F si TO lO* K# 5LC 

Fal tO H-)b PC* StC — 

M*M (1 U h RC, RSI A 

Umj. ot m»aj*.on pc, s,r 

PtAK ACCiLtRAtlON* 40060* C 

Unc OK A3 t «,o‘HAX to 

Pt *« aCuFUoaUON* 4o A? Dr 0 

Tl**e OK A . 30 70 MAX O 

PLaK ACCf.it '’Aj ION. 4 (i n«D» 0 

Ting OK *pp !|j max a 

PtAK ACttiEHAMON, 4n970t 0 

♦«9/d*hax o 

PAAIHUH AAIkL THRUST, LbF 

time of max thrust* sfc 

Thrust uv^ks ho g t « p l h t 
NaaIMUH SlOLLOto -V, LbF 

naajmum pIOLLOaO m i , L0P 


IT 

•••MM 

*•969 
i ♦ l T X 
21 a*v*r 
213*7j4 
74*268 
73.673 
12 a. 9 74 
22*. US 

l3i*7zo 

• 146 


13 9 18*1(10 

- *002 - 

• 00* 

• 049 

‘ ' *175 ~ 

♦ 126 

.♦iiVF 

• iss •— • 

• 1(j 6 
*ii6 3 

. 1 75 

• 1 12 
*097 
*177 
♦ 120 

♦ 179 
*207 

207,069 

♦ 2U 

~ T6.7J6 -— 

♦ 197 
51*142 

♦ 197 
20UR14 

♦ I 79 
56» 9ol 

M 7S 
10945*66* 

•21? 

a*.***! 

23*M/2 
256*6i 7 


o # 

m 

-l|- 

G 

■ & a 


fa 

:*.s 



ROCKFTntNE INfgOHMro OHS r HO INC 
STaRt 4 «ANS UNf character I $T ICS 


IS 


OaTe 03/01/T4 
nsr DESCRIPTION 


SERIES Pn/IHT*1 


SEQUENCE 


.minimum ouftArloH f IrIno r 0 « p 0 st-test engine thchRal evaluation. 

ftePtATLO AS * iflA AFTcR ih MjNf coast* 


Data tape maLFunct.IoNKOi purged Eng[ne 


START CONDITIONS STO.J SEC> 


test no. 


II 


TEST DURATION 

-PPLVloUS CO*ST-PtRIO{>V-GEC- 
FULL INLET PRESSURE* PS1A 
-OXio INLF T PRESSURE * PSIA- 
FUFL INLET n.^PEKATUK| f f 
OXlo Inlet T t HPtR*TUNE f f-~ 
INJfccTOU SURFACE TEMP, f 
;HA*rif.N- TOP-?P>P*-F* 


1» 

.♦iT 

• — 0 - 


cool^nt manifold Temp, f 
-NO/ l LE FL-N...F TOP- TtMP^-f- 
TliT CLLL PRESSURE* PStA 


220. *4* 

2 - 

S?.87« 

” 63*039 
SO.VfeT 

“56.392 

6»i751 

46.809' — 

- *06T 


Ira 

.406 

-H21.M* 

220. 0*9 

2lA.*7 n 2 

S J.«Va ' 

85*751 

44. *49 

39. fl 7i - 

91.096 

-— A9 . j5| - 

• 0&7 


START TRANSIENT 


Q 


Ifl 


F I«t SWITCH TI«E — 

full valve command, sec 

— oxln VaLVE LOnHaNO* sec— — 
FULL ISOLATION STa»T pP(;N 
-FUL ISOLATION. FULL OPEN- 
FOIL ISOLATION TRaVfl tlM£ 
FUtL SHUT OH -STaRT OP*W 

FUEL shutoff FULL OPfN 
full SHur off tka v el time - 
0*1 u is«»laT ion start open 
QXIU ISoLaTJuN FULL open — - 
OAiO ISOLATION TkaVEL time 
OHU SHuloFF STaRT Open 
oxio SHUluFF FULL OPfN 
DAlu SHUTOFF TRAVEL TIME 

FS| to i c* pc* sec 

>hl To fe* SfcC 


pc. pstA 

TILL DH Maximum PC^..SFC— 


PEAK ACCELERATION* a^(j6G. 0 

TI*£ OF ♦*,, t,u PA* 6 — 

PtA* ACCELERATION, AfljjTb, 0 
-44«t OF 406 /D MAX-*- 


1 


PtAK ACCELERATION, AOQftD* G 

TIME OF 40ftOJ MAX & 

PEAK ACllUmATION. 40970* 0 

TINE OF 4 0 WU max G :~ 

MAXJfiUM AXIAL THRUST* CNF 

time or h*a thrust* src 

THHJ5T UVtMShOOT* PCNT 

maximum SIUlLOAO *V*. LRF- 

MAXIMUM SIULLOAD -2* LBF 


-44 3« 

• 002 

»oo* — 

• U9 

*10T — 

.068 

— *063 •- 

. 153 

*090 — 

• O'lS 

*175 - 

*090 

.055 ■ 

*173 

,116 - 

.341 

isoIaoi 

*JS5 - 

65.876 

*21 5- 

19.430 

.341— 

193.536 

-.249 ~ 

2T.4I6 

*0i9 - 

9041.539 
,343 - 




i?i 


1453 


50*692 

?lO.«66 

261*927 


1»6 
1«8 
10*0 
J 1 0 ? 6 

«4 

— 2*7 
333 


s 0 , To J- 
002 

604 

(,69 

195 

136 

<>70 - 

I'M 

0ft4 - - 
o59 

175 — 
U* 

pft| 

1T7 

lit — 
335 

3,3 

553 

347 

733 

Sir " 

21 3 : 

lb6 

213 — 
713 

904 

339 

61 ‘3 

3 5i 

Z7i 


M- 




^BCKETeYNE INTfGRfcTEO OMS, CMGI NC 

START TRANSIENT LMAHAClERl>! XCi 


tsrrz — Jrwfl'r 

-Trsnjtsc^tRrrou 


- SERIES" 6 K WF- rny »<T I 


5tcuE«cr 


vr 


fea 

^ Q 

g g 


A 

\ 


o.uuu «ao, cutu ruw M 4 HW« «W 0fl H0 ,ga V * L,E 

NO fVl«G INUWpfO#.„ - --- - 

— 'ff’St NO,- 


START COTDTtfONS tro -3 sect 


x£L ~o 

O J 

- 0- 3 - • 
-W-Sr- 


rxi,. 

n*n. 

O* i 

I • « M f 

C>i 


it si 

fVif v 1 0 * 1 > vO-^T pl’fiPij, sic 
EL CL tKUT FRC35UPF* P5l*-" 
l.VLfr FRFSUiSC* 

TEKPCMTUFm F 
j!»U I ILKt'lMlUHE, f 
Ut. ;V XI- At-f. Tt.LP, F 
ER TOP TPHPf F 
tor;l>HT -iUiilFOiX' TF*U>, T “ 

1;, 97711: FL-UiGF.TOP TFK.>, T 
TEST fXut PPfSSUJT • >SIS""' 

SUH1 ViAN$il.Nt 


FJRF SWITCH TT^r ' _ 

FM r t. V.'tVC'TOWAWJ* 5EC’ 
C’^lil Vivt; tfcVRMiiJ, St'C 
f lit» \ Vv.n 1 » OH b T A R X OP* -i 
FUEL ISOLATION FU.L OPEN. 
FUtL ISOLATION TPftWVT! MC 
FULL SWTOFf. START OP*N " ' 
FUEL" SHUTOFF FULL 0 

r>u.!T'.:F> lMVr'I. Tl«!-: 

I :• .1. *vT I UN S'UHt Of’t N 

13 U /TIOr.'fUU-' Of»t?r~ 
ISOLATION TMVSL TVC 
Si iiJT '4 F . START GPU* 
ssJUTr.Fi- run omi 
Siuitufi tMVEL UHF 
10 l *. RC* SIX 


lW -1 
,SJ* 

.... ... g 

TT +.TX5- 

65, ‘71 
63,65? 
61.751 

"‘85.4 «T 
,676 


|«a .2 

• bl* 
62.j79 
2JI./7A 
21*. 712 

■ 

67.991 

il.iM 
SI, at? 
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TJCfCKr.TOT^r iNTfOHATtO OHS ENGINE 
START TRANSIENT CHARACTERISTICS 


Da Tf £7 SifiV 

— TEarprriCuTPnoN- 


SLRTfcS Art" OmE~ ftD/IHf I 


$£«JENcr~ 


-3 


0> 1 L*I JNJtCTOpi cOLo r LOW INVESTIGATION of HARO 0* RRlMlNu SEEN ON risT 1 AA. NO fytL VALvt O^tHAT 
NO FIRING iNTiNoCO* ■ - ~ 


F~ 


START COTOITjonS tTO-3 3tC) 


TEST W.~ 


T8JT 


1 F S T DOKAlU’N 

P»MTvl4lU5 CO- ST PfCJOt)* SEc 
ftrt INLET RPtfSl-Pf, f*5 f 4 
ri<lii IM.HT FFr5$‘J»S* *>«.TA 
FvTL TM1T Tu'KiTP.'.'pJnr,’ >“ ■■ 

OA lo li'Li. I I; '-if r r f I. .. f # f 

iNJtCfO', A ( i*F .<Cf TT*'R, f 
TU’ Ti f-o, F 

coot ANT R/.NlfOlO TCHP.' f 

NOiZi.C Tt siNOf, "TOP TL/ H* r 
Tf ST CEU. PrESSURC * Prs I a 

SU«r TP^riSifNT 


rv<r SWITCH TIME 

FT?r L V M VT "COT ’HA Tip SEC' 

V »tVL Cl-RHANP* SFC 
M=» I. ,.l ION STi'inT 

ru» i i > :i..iTiON full ohh"" 

FM'.L I VOLITION TRAVEL tlHc. 
FULL SmuTuFF. start OPfN 

tic l si fnrr r< «i t. o» ; - <r ~ — 

S*ul!.'M" T i. l .V« l. 1 |i:r. 

I ^ ; Hj.-j sT<"vf of l N 
I ’<a .-TiC 4 fl-f l i-vi U ■ 

I'-'i.vTjUU TPiv'fl. ft Hi’ 
SO:iT;Tr 5 T*.'\T oP|>» " ' 
5 •"*..! Tuf F TUI t. (»r'j Jj 
F>» ► Tr.'.V' L 1 1 Mr 
1 *J 1 . ■ I l. » S! 

TO T, RC * •>! r • 


♦sis 

>21.70*' 

a V'w 

'63.71* 
*0.046 
4 S.-S f .6 

33. <31 
6/1.023 
“61.452 

' *064" 
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u a 1 G 

C' a 1 o 
Oa ] 0 
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oi to 
m i 
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T I ■ ?r Of HiFTMM re. $fc 
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M •* r> AC •. i ( i. '•• A I 1 ;ifi. A^CiTUt 
f)t * ,\, /(I cA* (. 

™ ACtEUI ATIOL. A.h^O. 

TIm C f •* c; i>- >■ a* i, 

r ' P >\ *C if i r tn oi'i i a ;■ o 7 >j , 

1 i 'L V.t v li 1 '■« fi 

AAI-.L Imi-'.-iT. L:f 

TI''L or K/.l TiiinJOT.. 
t*’R.J:iT UVf E':HijOI. PC <*T 

MUiLU/.O -F* LRF 
Pa a I hum Olu* LuMJ LHF 
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ST^«r*tf*ANSitNt CHAKACTtHUTtCS 
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PUKAtloM F 1N1N0 qN WARM ENGINE FoU^fitt t*Y .'iO-MlNtlTI S»>AA> PHOTOTYPE FoS Colu-EWM’* RisW* of SL<iO 

•T.f/Ct •* * ... . . . 


J- START CONOtUOlfS <Tfi-3 SFCl 

— 
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TEST OOiitUON 
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FHt.VUUj i.O-51 Pf R UH> * SEC 



fOi'.L l«LKf fltfSSORt.V PS t A 
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y 

r».ln I’li.tr PRi'.sSUft* I’SIA 
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k 

TU£ L ILi (IT Tt HFf FAn'm:, F 


r 

i/xi ( i mut ti Hf'U’AniHt* r 

6-3 


IhJf.UTOU Su^rAf.r. TtHP, F 

Si 

M\ 

CHAH T H TOP TFf P» r 

5* 

w 

UKiL»>nT L/.61MH.U T EkP, f 

69 

L: 

fibitif. FLU; -r. TOP Tf.PP* f 

*9 

1“, 

Tt ST CELL FkKSSuPF* PSU 
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STahT THAHSltNT 
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IF Sf MO. 
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M TIME 


IS W HI.30T 



tltl va( vr EONM/.NDrsrc ' 

UAlO V.’i.n. LOGMAN!)* SVC 
F tip L ISuLAT ium start cpcn 

- -.066 
.006 
*0vl 


TOLL ISOLATION fUU OPEN 

*1k0 


FULL ISOLATION TPAVFL TUV. 

V3 

9 ; ‘ 

'MTt Vi-ifiTF START Of IN 

i?'A3 


FUTL SliUT’UFF FULL ( Fi N ' 

FULL S U'T.,f t ris/.VVL TIFF 
ox lu 1 >01. A 1 1 ON SI /.Hi f>PF H 

.153 
,.-y2 
. '-fi3 

J— - 

OXIO isui -i T 1 0 S FULL tiPFVF 

■ .Ml ., 


h- 


i/XlO stiutcfF SUPT r-f r n 
ClXlii SHUTOFF FULL OFT li . 
OXIU j.uiKFF 1 1 a v* i. 1 1 >4. 

F :>1 10 i‘- i >-r , >ir 
f SI FU /it rLt St C 
P/MhUm PC* FSU 
T I H?; or ll • X j no!* PC « ;Vf.C 
peak ACCEUKATim;* 

Tl*<i Of HA/. ti 

PlAK. ACO-LIkaTJON* *‘J0?O* 
TIM£ OF *iCi TD MAX G 

ACCCtChATlOK* isCtiO* 

t i mi: of 4< r ,!- u max r> - 

Pt.*K Atm LHAT ion, 40970 » 
UMr oi -h:9 7U MAX 1. 
HAAfHUH AaJal IHkUST. U«F 

Tint or >ux thrust* sec 

ThmoST OV, iUmOOT* FONT 
bAXJH*M SILfLOAO *Y» LbF 
MAXIMUM GU>LlOaO -it LBF 


» t- a r 
— V .179 
.113 
.3*1 

,yr 

“Tin. >u 

. i->9 

TB.U9 

. T3 A 
35.VJ7 
.135 
W, >46 

"”■ .far 

56.67? 

. U> 
9960. 2yZ 

.347 

66.003 
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start Transient characteristics 


i>A*E 0« MaR ♦ 
TEST DESCRIPTION 


SERIES 6K OmE RO/IHT 1 


St.QUENcE 


- ) 



EVACUATION Of HOf.ENOTNC RtsfARf CHARACtCrf 1st t CS VlT* COAST RErIOds Of ANO 20 SECONDS* *0 IH?£G*at£0 

HaRU^aHE* SIHUUATk'0 OmS fEEuClH^S* TO 4 OR - U OEO F MMH/NTO SATURATED AT Z»0 RSI a* ' 

ST ANT CONDITIONS <T0-3 SEcF fFM NO. ‘ 


TEST DONATION 

PPf VIOU'j COAST pfrtoo, sec 

FOtL INLC r PM SSUflE* PSIA 

ox Id I not t pressure., pst* 

fULt Inlet Tl.MRChAIU f (( , f 

l*Aln InllI UHPf PAUR.e* F 
iNutcTOH SURFACE TtPP, F 

CH.^r-V.x TOP Ttl’P.'F 

COULaNT MANIFOt o tehp* r 
NUt/l.E rLANul Ipp TtNP, r ' 
UST CELL PRESSURE, PSIA 


i* 

^2*010 
r ■ 0 

220*444 
St'S, i&r 
Tl.NoJ 
69.V44 
6*.99J 
GT.973 
tUZTA 
6E|)l& 
.07J 
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U.OOS 

’ io.w 

221*294 

2H.1I3 
T3.T^S 
tT.,lT 
1 14. AO 

?*MiT 

?0,l2l 

7V,40« 

' *091 


21 

I0.01.1 

-2A.2S? 

220.4*4 

2 l*-00! 

T4.4f)S 

77* 1S2 

12(1.644 

2b6,Si2 

96.965 

0S.S65 
* 039 
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s. n 

IT.Vft* 

2P.SV4 

2|4.3ia 

?4.4r,S> 
7ft. «49 
1?0.2<>2 
FJJ.Sir, 

9*. 0*1 

*4.03q 

.194 


5,.^J 
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21 1»46« 
76. i 69 
TA.«9A 
I?7, 34(? 
2SS. i ->2 
93.155 

.100 


ST4RT TRANSIENT 


-FI HE SwirrH TINT 

FdEl VALVl lomhanD* src 
DA Id VALVE, COMMAND* sf C 
FOIL ISOLATION SIAM? OPEN 
- rut i isolation full "opt » r 
FULL ISUIATIIIN TmAVFl time 

■ full smut dm start opcn 

FUEL SNMIOM FULL OP, N 

full shutoff Travel tinf 

6*1 o isolation start open 

“0*10 t'’0L •' T l OU rut.L OPFN 

OX 1 U ISOLATION TOftMi. Tint 

ox Id shu I cm 'Tart ope n 
ox id S tiiil ■ IF F F ull OP; U 
0*16 SriuToM l»UVEL T IMF “ “ 

F S l To M Ml * SEC 

FSl TO EC. StC 

Na/Imum pftlA 
Tl'C 0^ MAXIMUM PC, SEC 
PI'* ACCLlE j'AflOiV. 400 M>« G 
T 1 'F OF *i,oMJ RAX b 
PtM ALU Lt^At ION* 4 Co 715* G 
TIME OF A^o/O PAX G 

Peak aclellhaTipn, 400 * 6 * g 

TIME OF 4 00 ft P MAX 0 

Peak acceleration, a^vfd* 0 

TIME OF 4c.V/l) max r, 

maximum axul thrust, loe 
time or max thrust, see "~ 
Thrust overshoot* pcnt 
HAV tMUH SIOLLUau -t» 1 HF 
MAAlMUH SIDtLOAD -1% LUF 
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ROCKeTOYNE INTEGRATED OHS ENGINE 
STAR T THAWS UNT CHARACTER 1 ST I Ci 


OA]E |5 MAR A 
Hst OEsCrIht.ION 


SERIES 6K OMC RO/INT l 


SEOUeNCE 


- 3 


Continuation p7 h 0 t-Cnoine ambIent-propIUant Restart sequence to Evaluate restart capabilities with 
RERIOyS FROM 2 To io SECONDS# " ‘ ” ' ' ~ 


START CONDITIONS |TC-3 SEC) 


TEST DURATION 

PREVIOUS CO:«SF PERIOD* SEC 
FUtL iNLfT HU SSUKfc.. PSIA 
&Xlo iNlLT PRESSURE* PSU 
FUtL JltLET I L*Pt‘ MATURE ■ f 
Ox lu I NU f TLMkENATUlvE, f 
INUlCTOH ‘iilKF A».t Tt*P* V 
CH'Xhi ER TOP .TtRP* f 

cout « nt hanUOlo iInp, r 

NG/2LL KLaNvL TOP TEMP* F 
Tl?T CLLL PRESSURE i PS I A 

START TRANSIENT 


F1HE SWITCH TIME 
FUtL VALVt tONMANO. SEC 
OXlo VAlVL commano* SEC 
Futt ISOL-TIcn START OPEN 
FUEL ISOLATION FULL~OP£N 


24 


full liuLAiitN Travel time 

FUtL SHUhifF START OPEN 

futL sr(uroFF full open 

FOlL SHDfoFF TRAVEL time 
u*Tb Isolation sTakt open 

OAIu It'OL - 1 ION FUltOPFN 

oxiu isolation tk-wil Time 
OXJU SHUT OFF start OPEN 
ox i u Suuhn Full CPt‘N 
OXil) ShUToFf TRAVEL Time 
FSI TO II,- PC* SEC 
Fsi TO 9C*> t't* SEC 
N* A l *MjM pC * pS I A 
T I Ht Qf PC, S£C 

Pf.*K ACXLLt nation* 4006°* 0 - 

flMt OF 4<u,sU MAX 0 

PtAK ACCEU>aT luNf *onTU* 0 

TIME OF 4W)7U MAX & 

PEAK AC C till •> AT I ON, iiflMDi 0 
TIHt OF A/-.A i.u MAX b 
PEAK ACCELERATION* a 0 9 7 D* 0 
TIME OF 4 i; 9 7U KAX b 

RAXINUH AXJal thrust* lhf 

TlMt OF MaX THkU.Stt'SEc 

ThmuST OVERSHOOT* PC NT 

Maximum sIOiluao -v, lof 

MAXIMUM slUtLOAU *z, LOF 


32*001 

6 

220*444 

J|5*Sa6 

55.766 

63*124 

6 o*V6| 

*0.313 

60*bg5 

SV*4oi 
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11 S2 34*ay« 

os 

•HI 

t0« 

» 187 - 

*\U 

*064 

, I57 

« 08® 
S0T9 
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• «/H6 
« I>4b 

~ *ibl — 

* 102 
. 341 

• 3^3 
169,352 

• Jto7 

66**52 

033 

6H.27T 

*333 

j97.‘i|6 

*333 

4V. TVS 

.4*7.*#? 

».(53 

40*462 
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a 25 

5.013 
IS. *63 
2 1 9.5*4 

214. 

n.o7 0 
7j. 3 B6 
111*231 
Z 6 2 * l*>o 
T4. a 0l 
76,324 
• 11 * 


13 53 22*754 
*002 

• CO* 

• o55 

• lM7 - 
.132 
iflbt 

""oji 

*9*4 

• 1)53 

v '~ *105 • ~ 

012 

»o75 

• 167 

. ;5 *2 

• 2*1 

’• .2S9 

165,076 

a 2^5 

66,»52 ■ 

• 06 j 
15.414 

' " ' .253 — 
35. '356 
•2*1 

“ 34*473 

'*647 

”84.344 

.^*57 

66. 4d 6 

22**5?6 
2i«.T*7 ■ — 


UST «0, 
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5*«l5 

15.913 0 
21*. 594 
213.427 
71.241 
?£.537 
1 l5*b6T 
Z46,«T fl 
ilt.blO 

74.420 
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%& 

3 & 

^ G 

*>o 

C&AST ^ ^ 
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5»oI3 
11*146 
21 % ! l7 0 
212*156 

M*24l 

*?*<22 

H 5 * l >7z 

2*4. Vjj 
6b* [tfil 

7d, jhj 
” .U3 


5.ooV 

11*076 

2l 9 .i7u 

ZllOo® 

T 1.496 

73.210 
123.55J 
2^3. 5T<j 
*2f> « C 1» 

70.421 
' *115 


1? S3 43.756 

13 53 59,969 

13 54 16,i)60 

• 096 

- - jOo2 ' . 

.006 

•002 

■ 0 Q4 

* 002 

•05T 

• Oil 

. o55 

• 187 - 

- • IMS 

• 18/ 

• 134 

.132 

• 132 

.067 

• m&5 

. 06 / 

.161 ■ 

1 1ST ~ - 

.167 

• 094 

• C»92 

.090 

•053 

*051 

• u51 
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• 1 12 

.11* 

• i)ti9 

. >,n 

.iTj 

. # ^ 

*103 

.163 

,078 

• (jify 

* 

. 245 

.227 

.22' 

— .2*7 

*24^ -•■ - 

,«*J 

1S4.F199 

J6&.713 

170.1^5 

.273 

.£47 

• £45 

47.4 1 J : 

54.r>96 

44.6i»« 

•631 

*£5b 

.59^ 

13*569 

U‘2^9 

13*694 

.255 - 

.£45 - — 

.23 1 * 

131*533 

16 . n s 

80»22 5 

• 255 

*£.’ T 

*£39 

31*l9o 

35* „e.. 

36*115 

• 749 

• ortj 

1 » {: 4 J 

10»31*2i)4 

PaVj.zOT 

i 06 j*. 7/S 

' ' *,‘69 - 

*,45 

•?43 

75»S2« 

6i». d$s 

77. a , 0 

23]. 3*9 

l^j.Zbo 

25.. 1/9 

2 o 6 *o” : 

1*7.30*7 
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ROtKeTovf*e imtegr a teo oms engine 

STaHT !«ANS}eNT tNAHACTENJSr Ic? 


SERIES 6* OMC Hii/lMf 1 


StflUE«cE 
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OA]E 15 MaR * 

Jtst OEschI^t.JOn 

0f T M ° T * D/0,NE W*fc«I*ROPfUWI? RESTART SEQUENCE T 0 CVALUATE RESTART CAPABILITIES *I?M COAST 
rtniOl.S from 2 To 3# SECONDS* .... . . '*-•-*— * ’ - •-••-■- - 

test ho. 


START CONuillONS |]i-3 SECT 



' 29 

lTr8T8T 

’■ ~;"3o • -■ 

. 31 

TEST DURATION 

f’Rt V J 005 COAST PERIOD# SEC 

full inlli pressure# psia 

6*ln iNLr T pReSsURt# PSIA 

full iNu. r iiMpLR^ruRt# r 
OXlo 1NLI T Ui-iPERaTUmc# f 
IHJL.CT. 0R' SURFACE TE^p# F" 
CR^MnLH Tl-p TtriP# F 

C OOLANT iVaUIFOlO TF Np, f 

NuiCitt FLancE top temp# f 

TEST CELL PRESSURE # PSIa" ’ 

5*0lT 
28.924 
21 9 MT0 
213.851 
' *" 7S*o76 

76*01? 
120*134 

' 243.87? 

)76.7l8 

137*8T« 

5*ol? 

' S.£57 

21 ?* |Tv 

213.831 
TS.^TO 
?6. 0 l9 
120. 134 

2*3.82? 

126.U8 

l3lf.878 

. ... 

5* 015 

~ 4*»J7 

2l9*i7 0 
213.651 
?S»o?6 
74*019 
12(,M3* 

2*3.477 

124*718 

137*878 

*003. 


. ' *083 
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start transient 


5.C21 

i*»13 

21 9 *l7 0 

7b*o76 

76*019 

12C.*I34 

2*3**.>7 

f *8 
i37?6/8 
•0*3 



2 l''«1*F0 
213**51 
7'j. era 
76*11 > 
12fl*l J* 
243.rf.jr 

13T*a7tf 
• j63 


f lHfc SlIKH TIhE 

full VALVE command, see 

OaIo VaLvl command# s£c 
fUi.L iSUEATlON START OPEN 
fuel l^ULAllOH FULL OPEN 

FULL ISOLATION travel time 

FULL SHUTuFF START OPEN 

fUtL SriUftNl full OPEN 

Full shutoFF Travel' time 
OM(> ISOLATION ST ART nP£N 
OA1 U 1S»l~T1vN full' open 
0* 10 is»Ci.rtT.iON THfvi L Time 
OAi U Sh’-JTof F . STAkI OPEN 
oaiu Shu Toll full open 

da i0 shutuft Travel time 

FSi To ill'* PC# Stc 

F SI To vu-* Pc* SEC 

Mxj pt , jijjA 
TJRl Or HAAlMUM PC, SEC 
KLAk ACCtL L« A T ION# A006 ! F**O"' 
TIME OF 4. n.jU'MAA O' 

Pt-K AtCtLt-'ATION* Aoo?D» 0 

TME OF ^pN/maA (i 

PLak ALCFLLHmT ION, 4 fl0 a()» 0 

TIME OF 4ipUI»*MAK G 

plan ACCEllMT ION# 4a970( 8 

TIME OF 4^V7D NAA 6 

MAXIMUM AaIAl thrust, lgf 

TIME Of MAX TMkUST* SEC ' — 

Thrust .overshoot# pcnt 

MAXIMUM SIULloaO -Vi 1UF 

maximum sidlload -e» tor - 


13 9* 49*993 13 99 .2*7 13 S» jo.^l 

*°0 2 ■"' ' *0«V ,004 

•004 ,002 n 

<09S , 0 S$ , 0 S 3 

•T8* ~ : ,1«9 

• !« *P4 

4}JJ lOST ,061 

> 151 ll57- “ — ,1S9 — - 

*«RO *100 i098 

R «|051 i(j51 

•*91 - *• *163 — il*3 

• no *112 *112 

*£>69 • o55 

*163 - - , 1 6 J t j63 - - 

•««0 < o y 4 .108 

•p 3 .*211 .211 

. •*«? " .2*9 .231 - 

1 52 * 35 ^ 30S,7<2 172, 7u 

.295 .2iH .237 

” *3*454 43.682 ; 50*139 — 

•*<, «R3 3 *133 

l b *3'?l 15* 7j9 U.VA 

*275 *,?3l ' *231 

?3»4l8 136*421 137, 0 46 

•p 7 F2t‘ T *227 

32*032 - 53.6, ;& S»4o 3 

_ ' *363 ' .9i 1 • 1 35 

?fi94,3H9 108ei.9ij6 10570.68? 

• ?aT -■ -■■ - \»2>!? #729 

64*9jj 6 b J*305 81*3 m 

22** nt 0 234*132 236*509 

244*315 ' I b 0*«22 glf.ftas 


13 5S 16.9*9' 
.004 ••'- 

0 

•049 

*|f*l - 

* 132 

♦ 0X9 

il53 

• 1 04 
.9*5 

*159 

• H* 

♦ 0»1 

i»53 --- 

*102 
• 1 8 1 

— - *213 

173.XJ5 

*219 

69»q6i 

•203 
Si. >95 
M 3 F 
99.*'; s 

■ *i sf 

Vc.i-o? 

• I 39 

9Bq5»682 

.£15 • - 

Oj.Ar'O 
221 *477 
lV??7 


U 55 23.849 

, 00 * 

9 

• !>A9 

• 1 TV 

• no 

• l*v 

*15l ■-- 

• 1 0* 

. 045 

*112 

,:,47 

- *153 

• 1 i)o 
.101 
.211 

175.25/ 

•215 

52* 35** 

*15.3 

44.2S6 

• 1 17 
78.Tb2 

*0 29 
83* tzi 

• 133 
10283.65V 

•213 

71*39* 

Jrt5*^3* 

l8l»89{) 





OA!e 20 KaH * iEftlCS 6K WE *0/JH T \ SEQUENCE * 5 

jEgt OIsChIhtIOH 

MyT-£fc<»INE RESTART CVALOAtIoM with 46 f SATURATED HHH/N|o* r 0 C»<EtOTNC r£ 0EH CHAMBER f I/O INJECTOR $/N 1* 72 
TD] NOZZLE.' CO*ST Pc«IOoS fflpM‘3 MJNUtES TO ISLCONO.-KO HOit-rlRE PUROES, 


start conditions ito-j sec) Test no. 



TEST DURATION 32.00* 1*.«U I5*0lft 12*»1J 

PREVIOUS Co-ftST PERIOD, SEC 0 1*0. 7o3 - — — l2o*HT* — - - 6l*ojo 

TutL INLET PRESSURE* PSlA 22i)*8b9 22 o»*69 271*294 22i/»*6;7 

UM() ‘iNLfct PRESSURE* PSl A ?,S.,23 215. ,23 218.546 glS.Vfo 

FutL InLtT lt-NpEKATUKC. f 45.546 4j.S(j? r 44.5j»T 44.273 

U*l0 tM.tr lLPPERATUkE, 7 *ft,o&U *6.(j04 52*345 45*665 

iNJECTUH'sUhf ALE TEMP, F 54.697 ?h.<j4>4 99. *00 ,00.646 

CHtM -tN 52**20 . -•-• gij, hbb 223.617 - .2*0.99^ 

COOLANT MAN li OLD TEMP. F Sfi.&O* fbWl* *5.62? 74.7 ,j 

NOZZLE >L*Not TOP TEHP» f Si. I** l»6,S?a Ill* 1*0 7ft. 3 jj 

UVT CELL PHtSSURC* PS1A “ .070 ’ ' *064 .064 *066 

START TRANSIENT 

• N lMNl flH WW» Ni . •■ — > — — — • — — *'" — * ’*•’ — 


tf 
f *■ 

St? 

gl 

0 





FINE SNlTtH TIME 

FUEL VALVE COMMAND i sec — 

CAlo VALVE COMMAND* SEC 
Fuel I.VJLiTlON START OPEN 
fuel isolation Full open ■ 
FUEL IsulaUon Travel TIME 
FUEL SHUT uFP. START OPEN 

Fuel Smut of f Full open — 
FUtL SHUtOfF TnaVEL'TImE 
oAib isolation stant open 
0*lU I Sm.AU UN FULL OPEN 
OMU ISOLATION TRAVEL TIME 
oaio s».ui off start open 

0X10 SnuTOFF FULLGPf n 

oaio shutoff travel time 
fSi'TO io* PC* SEC 
F51 TO v5 i PC* SEC 
NAaINuH pL» kSIA' 

1 1 Mt Uf MAXIMUM PC, SEC 
PEAK ACCE.tL NATION* AoobO* u 
TIME of 4 C .^0 MAX G 
PEAK ACCELEkaT ION* 4 00 tDi 0 

TIRE OF AyflTD MAX 0 

PEAK ACCiLEPATtON* 4 00 80* 0 
TIME OF 4 C ,BbLJ MAX O' 
peak ACCELERATION* *(|V?D( 0 
iiME 6r 44i 97D'HAX 6' 

RAA1MUM axial THRUST* L*f 
TIME OF MaX THhUST* ‘SEC — 
ThhQsT UVfcRSuuOT, >CNT 
MAXiHUH SlOcLOAO -v, LPF 
HA A 1 HUM SIUtLOAD -2, LBF — 


11 13 


15* 

70 

200 

9j 

?oiz 

50 

143 

1** 


53.5?? 

0 

002 

p65 

183 — 
U* 

0*1 

169 

080 

051 

135 

0*4 

CM 

143 ■— 
0*2 
323 

33 

*98 

343 

350 

315 

3^3 

315 - 
51* 

JA5 - 
iit 

329 ~ 
21* 

5,7 

01* “ 


U 17 26.368 

• 0O? 

•004 

»0jj 

- « 1*5 

*12* 

. . 0*1 

.1*3 

*0*2 

*049 

ij63 

• 114 

*0T1 

f\b't 

..... :stt 

138 I if? 

"it bit 

5 0.327 

• *<>7 
3Q.btJ? ^ 

” \Ol3 

1q7* ,65 


nllU - 

* , ? 9» 
9 2 75.97* 

64*600^ 

4i * 


2« 

131«4 


41 19 *5.234 
► 00 * •” 

00* 
qST 

183 — 
126 
t)87 

167 — 
080 
049 

167 • — 
11* 

073 
*169 
096 
303 

311 ' 

091 
313 

TaT — 
li’ 
120- 
30* 

01* 

T(H 

42.) — 
3a7 

a&z 
3 3 7 
9,5, 
44* 

*10 


a 


182 

- 45 

1? 

170 


u; 

23 9 

2*0 


21 1.294 

• 002 
• 00 * 
»0S7 

♦ 1«J 

* 126 
.0*5 

--,167 - 

.082 

• 047 
“ .165 

.11* 

.077 

— *16? - 

• 092 
.2*5 

• t'U3 

198,8*6 

*293 
46.89, 
*6^9 
13**42 
“ !’*2*5 
99,^23 


2*»854 

*9,7 

419*1.3*3 

*^B» 

99.69,, 

265.5,9 

421*646 


14 21 44.j64 
• 00* 


M 

,26 

077 

165 

»;8U 

047 

,57 

110 

077 

!6? 

092 

259 

tit 

289 

322 

n2i 

933' 

289 

*54 

26» 

V80 - 

269 

C6j 

267 

6*4 / 

344 

533 


193 

50 

1 

13 

l7l 

? 9 

U*«l 

94 

in 



ROCrETOYNE ^TCOIUTCU 0 H S EMOjNE 

start Iiunsient CHAHAC I ERISTICS 


stftic* ** <h*e (Mi/MT I 


SEQyENCE 


* 5 


DATE 2 S MaM 

Hit 0 CschIptI °** ... - - - - 

HyT-ENOlNE RESTART EVAUMtIoN RUM 40 F SATURATED HMH/N T q. ROC^ETOYNE rEOCN CHAHBEH? U/& INJECTOR 
to Y COaST MIOqS FR 0 R 3 HlNUJcS To i SECOND, Np FoiT-ri«t RUROtS, 


£ 5 

^ o 

fe-p. 


S/H It 72 


START CONDITIONS IT6.3 SEC) 


TEST DURATION 

Previous coast period^ sec 
Full inlet PRc'ssuHt. psia 

oxlj) INLt-T PRESSURE, PSIA 
FUEL INLt-T HP PE MATURE* F 
Oxly iNttl TEMPERATURE* F 
iNJfcCTOH iuMf acETERP, F 
CHANvit-K TUP ItMP, t 
COOLANT MANIFOLD TEMP, F 
NO/HE THNOE TOP TEMP* f 
Its? CELL PRESSURE* psia 

STAHT TRANSIENT 


F|k£ SWITCH TINE 

FUL VALVE COMMAND, SEC 

oxio valve command, SEC 
FUcL ISOLATION START OPEN 
FULL 1 bOL rtT ION FULL OPEN "“ 

FUEL ISOLATION TRAVEL TIME 

FULL SHU l >M START OPEN 
FULL ShUiufF FULL OPEN 
FULL SmOKiFF 1 hAVEL TIME 
0 *lo ISOLATION START OPEN 
OX IU I bUu «T ION FULL OPEN 
0 A 1 i i ISOLATION TRAVLL TIME 
C?Xig ShUloF'F start open 
UM u SMUluFf FOLL'OPlN 
ox ID ShUTcFF T HAVEL TIME 
FS'l'ro l;» kI sec 
*rsl to vo * Pc * st.e 

PA A 1 ■< ijN t^C * (- S 14 

Uwt. of Maximum PC, SEC 

PEAK ACCELERATION* 40 ' 0 &°* "< 

TIME OF <,l(iuLI>AX 0 

PEAK ACCLLt^Al ION, AfloTO, I 

Time of ^ie/max o 
Plak ACcr.CcRAUON* *oo p0 * < 
TI*'E OF 460^0 UAX 0 
Peak acclceRat ion, 4 ,^ 7 o# < 
TIME 0 F' 4 n 9 Tl>'hAX G 

RAXjmUH axial thrust, lbf 
tint of max'ThnusT, sec. 
Thru j T uVcRjRUOT, pent 
MAXIMUM SIDE LOAD *Y. LfaF 
MAXIMUM SIDtcUAO •It LBf ' 


test no. 


o 3 


5,<iU 

1**<>33 

*j 9 .s 94 

213 * 0*1 

40*791 

44 * 6*0 

|b fl , 79 * 

2 * 305 ® 

» 4 .|ZS 

6 o.S 92 

, 10 * 


11 22 9.603 

,004 -- 

,002 

• 0&3 

- , 1 »I 

• U » 

.071 

— .171 - 

.100 
.049 
.161 
.112 
,urtb 
,169 

• 084 

• 237 
,c*9 

19 T, 432 

• 2il 

— 46.034 “ 
*73? 

j9, 3 (j6 ' 

• i>47 

1S4.360 

♦?51 

*231 

11325*011 

* 2*9 ' 

88 . 7 S 0 7 
1 * 1*991 

9 74* PAA ~ 


S.olT 

l6.tt4o 

2i?*lT6 

213.427 

39 .J 47 

44*143 

111*001 

22t»8o5 

76.430 

60 . 36 O 

“ *\\r 


5*018 
4*315 
2 l 9 * l 7 n 
213*427 
39*347 
44*143 
111*001 
22 i**o 5 
Tallin 

80*360 

•no 


S .018 

- i* 9 io 

2 l 9 * l 7 a 

213**27 

39«347 

44*1*3 

111*001 

? 21*/*05 

7t>*4 Jo 
60*360 

• no 



25 . SH 

*Z\T 

61*007 

•211 
— 53*740 
• 0 99 
U 2 6 T* 2*1 

•2l7 

6T.78T 

g 64 » 76 g 

22 t»fl 99 


10 

5.020 
1**77 
2 l ’* j 70 
213 * 42 * 
39*347 
44*143 
111*601 
221 •‘’a* 

76»*Jo 
DO* 38 o 
*110 


1* 22 44,210 

*306 

• 00* 

• o 4 i 
. 16 * 
.124 
.045 

.165 - 

• 12o 

• 04 1 

. 1 ST 

.116 
.’> 4 1 
.151 •“ 

• Irt * 

• 163 
, 2 oi 

l 7 a * 62 i ( 

• tttf.JAS 

*021 . 
44 •<;'»? ' 

•321 ” 

102*H“ 

• 

OS* i/64 

10143. m 

*201 /* 
69 .yS 9 / 

223*202 

2l2* ? *5 



mckfToync l«Tr<J?A!eo OHS CMOINE 

5 ?ARTI«ANSXtNrC(MRAClt^:S!IC? 


SERIES 6K OME RD/IHT I 


stoytNCE 


- 5 


DA t C 20 MAR A 
ftit oEschIpt.Ion 

HoT-EhOl^E RESTART EVALUATION “tTH *0 f SATURATED MMM/ N TO* ROCKETOVnE RE?En CHAMMEh* t/U INJECTOR S/M l* T? 
To'l NOZZLEi COAST Pt^IOD* FROM'? MINUIeS TO l SECONO, NO POMflRE FUROES, 

START conuitiuns <rc-j seci ! ES T no * 


11 


1 ? 


13 


TEST DURATION 

Previous COAST PERIOD* SEC 
FULL INLET PRESSURE* PSlA 
fixlo iNLti PRESSURE* PSlA 
Fuct. INLET TtMRt'KMUUt* f 
UXlo INLET itHELKATUKE* f- 
INUtUOM" SURFACE TEhP* F 
CHAHnfck fOF )fc>:P*'F 
COOLaNT MrtNlfOLD TEMP* f 

nozzle ‘flange top rtpp# f 

TEST CELL PKtSSUHEi'PSIA 
START TRANSIENT 


FINE SwITcH TIME 

FULL valve ccmhano* sec~ : _r_ 
Dxio VALVr. command* sec 
FULL ISOLATION start OPEN 
FULL ISOLATION full open ' — • 
FULL ISOLATION TP.AVCL time 
FULL StiUToFr STaPT OPEN 
FULL ShUIuFF F ULL OPfN 
FUlL smuiufF WVFL TIME 
oxib ISOLATION start OPtN 
OXitJ ISOLATION full' open - — 
oxiu isolation Travel time 
D‘ 1 D SHUTwF'F START OPEN 

0*lu Shu f op f full'oPln 

OAID SHUIoFF Travel TIME 

F S l TU I u a PL* 5LC 

FSl T) y-jfc' Pc I SLC 

Maaimuh rC» rsIA 

tl-ML OF MAXIMUM PC, SfC 

PtAtf ALCEtf. RA 1 1 ON* 4QQbD*0 

T J ME OF A^(J4vO MAX 0 

PtAK A.tCt LF.uATIOi** 40 o7&* <3 

Tlht OF 4 (.q7U Max o 

PEAK ACCtLt<<At JON* * 50 at>* <3 

TlNt OF auC-jU MAX O' 

PtAK ACctLtHAlION* 4{jS7U» 0 
T1MC OF vjVFO'mAX G 
RA A J MUM AaZAl THRUST* L bfr 
-TIME OF MaA TimUSTi'SEC 
THRUST OVf RS/ iOOT • PCM • 
Maximum siulloaO -y* lhf 

MAXIMUM SlUtLOAO «** L^ • 


h.fllS 

11*012 

14*606 

20*1.90 

* 5*936 - 

91*013 

21 fl* 745 

221*2^4 

220*444 

212* lSA 

215*123 

215*123 

' 43.5q9 ~ 7 

46*9*1 — 

53*269 

46.412 

*0.5*0 

50*0*2 

112.737 

16**201 

101*0 R 5 

303.754 

■ 262*630 ” 

247.503 

09, 6 0 ^ 

92*6t|6 

111*625 

8**400 

69*6(]6 

110*62* 

»10? r- : : 

79^1 

• 0*5 

11 23 13.42ft 

-- -■■ -.flO* 

l\ 2* 4.3T1 

,002 

U 25 *0,396 
• 00* 


> 00 * 

• 0*3 
— -ITS 

• 122 

• 0T9 

, 16 ? - 

• oe« 

*049 ' 

- 1*9 

• i ip 

• 079 
*163 

• 00 * 

• 243 
* 2 »j 3 

170*520 

*257 

5I.4&S 

1*669 

2 i«* 9 K 
— ' *253 

179*6 n 

• r.bl 

”34.512 

*253 

10674.973 

• 261 
77*9 j6^ 

. n , . : t 


•00* 

• o *3 

” »i ?9 

• 126 
.or* 

*j 63 

- 00 * 
.049 
-— .161 
*»12 

• 005 

■ Si 55 

« 0 B 0 

• 2 TV 

, 2 b? 

205.429 
*?09 
To* 9 O 0 
*'•169 
11 * 656 ■ 

- *'.J 05 
l« 7 *? 0 l 

• j 69 
33 . 34 c 

• O 1 7 
) 0677.446 

- “•i-BT 
7I.9S7 

1 ? 1 . 6 o 9 


ft 

• «5l 

*177 

• 126 

• 033 

,161 - 

*070 

*047 

*159 - 

*112 

• 0^6 
*165 

*030 

.299 

*3Qcj 

. 106.869 

• 337 
59.471 

*2|9 
14*29? / 

• Jo! 

M 9 . 0 9 * 

• j '}5 

33*946 

*845 

1212t>*7j)6 

• 305 
1 C 2?012 
2 c ^*568 
*24*436 


f I» t 

5*007 
30.947 
21 9 * l To 

2 U»C 5 i 
46 * >04 
46**95 
IO 5»?10 
^65. *56 
69 «i |6 
iv.tifjS 
• 0?6 


11 26 31.3*9 
• 002 
•00* 

•OM 

•161 -- 
*130 

• 1)7] 

*161 

• 090 

» 0*7 

* 1 5 V 

• 1 12 
*001 

.169 

• 000 
i263 

* 2 7 J - 

200.763 

♦ 277 
*3.*6o 

*003 
16*756 ' 
*271 
l«2*J3l 

* 7 j 

— ■ 32 >9 

• r 67 


✓ 



I 


DA?E Zo NaR 4 

test description 


«oc«eTorNe i«tEG«*rra oms 
start Transient character! I f ics 


6 K OhE Rd/Imt 1 


5 tOUE M C £ . $ 


^ro t * 0 ^ : c^AHe^ , c , 0 , NJC5TaB 


START CONDITIONS (TO-J SEr» 

— — — 1 .i.. — 


i* 7 z 


_TfST OUC . n ON 


Rhcvioui CO.'S r pchioo; sfF 
f^x INUT Ptns SltMf, P ^u C 

Ur{ rTV:^'^ ' ks, a ‘ 

I'ju.r u .•<»»( ,i4T«iNf . r 
iMf. f TIMHu-AIUhe, f - 
T'.ir SMhTAce Ttf'P* r 

L--t foP Tfnp, r 

Kr/yf'c J t,At;lF0Ui TtM <"* r 

*^£LE M.Af,t. t T0 t , |£ Mm *» 

T t: »! CtLt PkFSSUKE, f'3 | a 


6* I:j 

K;t-L 

oxio 

iNJf. 

CH<W 


STAR! T«A.NSitN| 


?» 



.*16 

0 

21**745 

3fl3,F.Sj 
♦A* ,:is» 

62.2SJ 

jMo&'l 

S 2 . 19 T 

52.^5 

< 07 * 


Test ho* 


t 


Ofttp 
f Or L 
fl>, L 
Hhl 

7U- L 

M>: l 


'fWC SilTvH TJHE - --■-- 
Tdcl V-uve Cohhano, sre 
Vtftvt cnmhano, see 
J‘>\H/.TjCN START OPEN 

I > .)*_« T I (in f ljll Opi n ' 
isolation TRAvet Tint 
Shu f«w start OPrN ' 

- - v SiiuTgTF fuj_L OP) n 

fOtL. Smut of f Travel ttmf — 

— txi I' ! !' 0 *• *• l 1 on $ r a k f ppiN 
o* - {:*>’ I l0w * ’ll mu ~ 

Xl* *«•"■<»* su.r 

y»l« *«IM» iMVEi’ t?HE “ 

- III JO I * PC.SfC C 

ro /.* ft. see — 

... PC. hilA 

. l}y : ° K M--MNOM PC, SFC — 

nk X u :£l'!%'S*i*' 
n’r I 

_ p.at^un 4 *I/.l Thrust, i nr 

or h,a T.ikusi, sri • 

Th^U-.T OVtRSHOOTi Plnt 
RaMhuH Mbj load 

SIOLlOao -Z, {bf 



«??2.9U4 

.jS 
♦ ft. 4H3 
2 ? 1 * bdf 
243 * 20 ? 


J 


I 


IBE 


OAJE 21 MAR 4 
TtSf DESCRIPTION 


gf T ?J *Ssf ^ f ? c$ JS?c!e ’t I ??ir 


SERIES 6K OWE RO/IHT I 


seoycNce 


• 6 


" *- ■■■•'• - .. - 



IS 


iii 


START CONDITIONS iTO-3 SEc> 


TEST DURATION 

PREVIOUS COAST PERIOD. SEC 

?UtL INLET PRESSURE* psIA 
ox 1 D INLET PkEssurE, p$u 
FULL iNltT TEMPERATURE, F 

oxid iNLtT Temperature, f 

INJECTOR SUftf ACE "TEMP, *F 

CHAMBER * TOP 'TEHP-. — 

COOLANT MANIFOLD TEMP, F 

r?tr L l TOP' TEMP, "r 

fiei-L PKESSUREi psiA 


Jest no. 


STAR! TRANSIENT 


1 

2 

% 

• 4i8 
0 

221.719 

214.699 

56.786 

58,264 

47.286 

16. ft* ft — 

. *416 

190.477 

220.864 

214.6^4 

J)*7S1 

§*.524 

♦4*176 

• 416 
120.484 
220*869 
214*275 
66*3q3 
*9.243 
46.374 

48.237 
“ 48.095 

ZO,h76 
51.830 
“ *?UI? 

*0(2 

32,743 

J**2ll 

• 070 

♦5*033 

•062 


L 

\ 


FIRE SWITCH TIME 

fuel valve COMMAND, SEC 

Oxlo VALVE COMMAND, SEC 

FUEL ISOLATION START OPEN 
Fuel isolation FOlCopen — 

Anfr I s ° LaT J 0N travel TIME 
Fuel Shutoff start Open * ~ 
Fuu ShuToFF Full 'open 
Fuel Shutoff Travel time — - 
•®{*p isolation start open 

oxiu ISOLATION ful l open 

OXID ISOLATION TRAVEL TIME 

ox id Shutoff start open 

oxid SHUTOFF FULL OPEN 
0X10 SHUTOFF TRAVEL TIME 

FSiTD id* Pc; SEC IME 

FSI TO VO* PC, SEC 

MAXIMUM PC, PSIA'” 

UmL of MAXIMUM PC, sec 

f^E ^ C f LE:kA I I0N » *0060» 0 

TIME of Ay&bU MAX 3 

ACCELERATION, 4dq7D, <} 
].!"£ OF AOOTO MAX 0 ™ ~ 
F|Ak ACCELERATION* 4flo8D, 0 
time of 4oo«u'hax or 09 * 9 
fiJ? *q9td, a 

TIJ£ OF 4&97D MAX 6' 

maximum axial thrust, lbf 

time of max thrust, 'sec 

Thrust ovtR^HoorrpcNT 
maximum sidlloao lbf 

MAXIMUM SIDt-LOAp «z, USF 


3A 

..•♦o’ 

55,721 

220.444 

214,699 

$*.<>69 

*9.021 

♦T. 278 
“ 38.101 
56,418 
*3,212 
,062 


> ^ 
QP 

~tS^~ 

‘vQ 

S ^ 

&W u 

^466 
220*019 
213*003 
63.6q1 
73,4 j 9 
Sl.lTi 
69.4 Q 7 
♦9,964 
44.01? 
*064 


I? 57 27,667 
*606 
• 002 ™ 

• 057 

*177 

• 120 

*063 

*153 

.090 

• 053 

~~*163 

• 110 

• 051 

• 163 

• 112 ~ 
i323 

—,33s - 

153.081 

• 345 
112.775 

• 317 
93,6o9 

.317 
235,011 
* .315 
*1.160 

TfiTilJii 

.331 -- 

31*242 
211.352 
1*6, 7q6 


14 0 28.562 
•ooi 
• 002 
.osi 

.177 — 

. 12 * 

• 06i 

#157 

• o 74 

• 05| 

.167 — 

• 116 
*063 

• 167 

• 104 

,303 
163,624 
.309 
340. 67S 

' ■ '1*1 
165,50* 

• 1*1 —■ 
235*011 

.I’l 

704,420 

13l67lJsl 

« 2?7 
11?. 45? 
232.614 
2?6.]89 


14 2 29,462 

• 004 

0 

.057 
.177 

• 120 
.073 

• 155 
.082 
, 049 

,163 

.116 

• 053 

• 165 

• 112 

• 287 
.295 

1‘?.440 

.301 

51,689 

.291 

28,925 

*291 

142.285 

• 205 
40.884 

. *285 

14612,769 
.29! 
143.546 
260,457 
278*152 


14 


3 25,599 
• 002 


14 3 


• 004 
*065 
.177 

• 112 
.069 
.155 
• 086 
*051 

.165 

• 114 

• 053 

• 165 

• 112 
• 299 
.303 

170,531 

.313 

63,436 

.495 

22*320 
~ •* .5 

133.539 
" .195 
38.122 
.311 
13527,925 
*303 
125.465 
258,938 
368, 1 0 5 


41,468 

• 006 

• 0Q2 
.055 

• 181 
• 126 

• 069 

• IS* 
.090 
.049 


,166 

.116 
.053 
.171 
♦ 118 
,275 
. 28 ? 
171.985 
.295 
89,20 U 
*181 
73.69 & 
.179 
235.011 
• 1 7V 
81.215 

12860*22^ 
.285 
114,337 
237 , 1 Tq 
233.965 




rocketoync integrated om$ enoine 
START transient CHARACTERISTICS 


& 


DATE 2 1 mar a 

tE|T DESCRIPTION 


SERIES 6 K ONE Ro/IHT J 


cold engine restart evaluation 

T2 . TO 1 NOZZlj. cOaST Periods 

START CONDITIONS (TO-3 SEC) 


WITH TO r SATURATED MMH/nTO. ROCKETDYNE REOCN CHAMBER » L/O 
F??M 3 MINUTES To 1 SECOND, NO POST-flRe PURGES f " 


SEQUENCE - 6 
INJECTOR 


& & 




TEST OURATION 

PutVlbuS COAST PERIOD, SEC - 
FULL INLET PRESSURE, PSIA 
oxlb InLIt pressure, psia 
fuel Inlet Temperature, f 
b*Io Inlet Temperature* f 
Injector Surface' temp, f* 
CHamSER TOP‘TEmP»~F 
COOLANT MANIFOLD TEMP, F 

ROZZlE'FLANUE T0P'TEMP,"F 
TEST CELL PRESSURE, >SIA 

START TRANSIENT 


.415 

6o;6lT 

220.064 

214.69? 

8?. 321 
_ 50*268 
42.955 
89.435 
49.131 
• 062 


• 414 
“ 30,919 
220.869 
21 4, 699 
6?.45j| 
]l.5S* 
62.557 
58.873 
64.16B 
*!«l33 
.063 


TEST NO, 


• 420 

21?. 170 
2U.85! 

69.878 

117.278 

52.661 

T7,5(j9 

*0T6 


TA 

,418 
" 4,725 
218,745 
212.58Q 
To.2l9 
76 . 558 
55.236 
102*126 
53.63Q 
44,025 
• 080 


(S 5 

& 


.422 
"2,083 
218.745 
212. 58 0 
70.219 
76.558 
55.236 
102*126 
53.630 
44.025 
*08 q 


FIRE SWITCH TIME 

FUEL VALVE COMMANO, sec 

Oxio Valve Command, sec 

FUEL ISOLATION START OPEN 
FOtL isolation fouTopen 
FUEL ISOLATION TRAVEL TIME 
FutL shutoff Start open " 
fuel Shutoff Fullopen 
fuel shutoff Travel' tihf " ' 
OXIo isolation start open 

0X10 ISOLATION FDLL'OPeN — - 
0*16 ISOLATION TRAVEL TIME 
0X10 SHUTOFF START open 

oxio shutoff fucl'open 

OXIU SHUfoiF fftAVELTlME 
FSl TO 16%’ Pc* SEC 
Fsi to 9o* PC* Sic *“ 

MAXIMUM pc, PSIA 

TIME Of MAXIMUM PC, SEC 

PEAK ACCELERATION, 40060, 0 

TIME OF 4oo6D*KAX G ~ 

p t?K ACCELERATION, 40070, Q 

TIME OF 40Q70 MAX G ~~~ 

PEAK ACCELERATION, 400BD, 6 
TIME OF 4006D'MAX 6 
PEAK ACCELERATION, 4097D. 0 
TIME OF 40970 'MAX G 
MAXIMUM AXIAL THRUST, lBP 

TIME OF MAX THRUST, SEC ' 

THRUST OYERSflOOTi'PCNT 
MAXIMUM SIDeLOAD *Yi LBF 
MAXIMUM SIOELOAD -Z, LBF 


!♦ 


♦ 42,502 
.006 


002 
*055 

• ITS 

__ . *120 
•on 

.151 
.080 
.049 

• 161 
.112 
i051 

• 163 

• 112 
,285 

• 2 89 
173,075 

.247 

61.087 

• 085 

_ 27.21? 
*291 
133,090 

• l’l 

38.122 

,277 

13803,294 

.287 

130.055 

266.784 

404,053 


14 9 13.836 

• 004 

0 

.655 

.177 - 

.1 it 
;o71 
.165 

• 064 

.049 

• l65 
.116 
.057 

;i6? 

• lio 
.2? I 
.299 

173,439 

.303 

61io6T 

1.029 

26.989 

.293 

216.734 

• lR7 
41.435 

1483?l|bi 

• 293 
147.321 
2|8 t0 f>o 
3??*l46 


If S 20.412 
0 

*002 

.053 

•181 

.128 

i067 
• 161 
.094 
.049 

;*6? ~ 
*118 

• 053 

• 171 
.118 

• 241 
•2*S 

170.894 
.255 
4?.339 
.165 
26,762 
.247 
31,5oT 
' .245 
37.017 
... *493 
14554;95l 

• 245 

142,583 

236.664 

262.797 


14 5 25,557 

0 

• 002 ' 

, .051 

• 175 “ 

_ *124 

.063 * 

.155 

• 092 
,047 

1 161 " 

• 114 

• 049 
i 165 

• 116 
,223 
.23s 

180,709 
.241 
79,683 
.173 
33.139 
" ™ • 1 ?3 
226. 7 

• 17| 
29,034 
,'.093 

11972,283 

• 231 
92,8?i 

267,038 

337.935 


14 9 2a, o 50 

.006 
*002 
.056 
.179 
.124 

• 055 
. 1S9 
,104 
.049 
.165 
.116 
,051 
.167 

• 1 16 

.217 

184,706 

.223 

54.038 

.®oi 
17.537 
.215 — 
50.U9 
.213 
39.779 
.211 
12559.442 
~ .215 

109.324 
240* 2o ? 

265.324 






HI 


flOCKCTOYNC INTEGftATeO OHS ENGINE 

st art 'thansT|nt 'Character is tics' 


oa!e 21 mar * 

f£St DESCRIPTION 


SERIES 6K OME Rp/.XHT 1 


SEQUENCE 



• 6 




COLD ENGINE RESTART EVALUATION WITH to r SATURATED HHH/nTO, RoCKETOYnE REGEn CHAMBER! L/D 
T2_T0 j _Np22LE« COA^J?ERXOdS PROM 3 MINUTES TO 1 SECOND* NO POST-FIRE PURGES* 

M*«I conditions tto-s seo 


injector s/n £3 


m 


111 


TEST DURATION 

PREVIOUS COAST PEttlOOrSEC 7 

FUEL INLET PRESSURE* PSIA 

oAio inlet pressure* psia 
fuLl Inlet Temperature, f 
6XIb Inlet temperature* p 
injectok’suhFace temp* f 
ChamhER TbP*TtMP»~F 
COOLANT HANlfOLO TEMP, F 
NOZZLE FLaNUE TOP'TEMP,'P 
test Cell p&£ssuke*'psja‘ 

START TRANSIENT 


.*16 

656,056 

221*29* 

215*123 

!l.2*l 

i0*.9l* 

65,435 

56,470 

67.485 

TO * 611 

*069 


10 

7*20 

f.ot? 

2l4.i7<> 

213.951 

64,623 

n.492 

{*.02® 

*3.700 

68.165 

?i.l23 

• 08 ? 


TEST NO. 

11 

.*20 
*5,115 
219*170 
213.851 
69.623 
77.492 
66,029 
“ 73.7oo 

68.165 
?1 • 123 

• 089 


12 

*"‘7317 

2. 54* 
219.176 
213.851 
69.623 
77.49 2 
66.029 

73.700 

68.165 

71.123 

.089 


6S- 

S % 

§j§ 

S— 


III 


FIRE SWITCH TIME 
FUEL VALVE COMMAND* SEC 

bxio Valve commano* sec 

FUEL ISOLATION START OPEN 

FUEL ISOLATION FULL ’OPEN 
FUEL isolation Travel TIME 
FUEL SHUTOFF START' OPEN 
FUEL ShufoPF FullOPen 
FUEL shutoff Travel time 
oxib ISOLATION start open 
~ OXID ISOLATION FULL OPEN 
OXIU ISOLATION TRAVEL TIME 

ox ID shutoff start open 
OXIU SHUTOFF Pull'open 

0X10 shutoff Travel'time ' 

FSl " TO 10%' PC* SEC 

- FSl TO 9G* Pc* SEC 

maximum PC,PSIA~“ 

t i me of maximum' pc, sec 

Peak ACCELERATION, 40060* G 
TIME OF 40060"MAX G' 

' PEAK ACCELERATION* 40070* G 

- TIME OF A007D*MAX G' ' 

PEAK ACCELERATION* 40080* 0 
TIME OF 40080 MAX Q 

PEAK ACCELERATION* 40970* 6 
TIME OF. 4097D MAX G‘ 
maximum axial thrust, lbf 

time OF max THRUST. "SEC 

/ THRUST *OVERSHOOTrPCNT 
MAXIMUM sideloao -y* lbf 

MAXIMUM SIDELOAO *2* LBF 



1* 1? 50.031 
002 
00* 

051 
1B3 
132 
067 

1 64 
092 
0 *? 

165 “ 
11* 

051 
165 

n{ 

244 

259 


If 20 35.566 
0 

002 
051 

174 “ 

129 
067 ' 

153 
086 
047 

154 — 
112 
051 
161 
no 

295 
303 


159,625 

IT? 

.165 

l?l 

258 

1*7 

,616 

185 

.341 

75 

.265 


309 


*229 


77,533 

. 1®* 

131 

571 

61 

.OB? 

Sb 

.253 


•l7? 


187 


.065 



173.779 

77 

.562 

*5 

5S2 

3* 

,050 

28 

. 1 93 


• 17? 


187 


.221 


235.011 

235 

*011 

211 

128 

41 

.466 

2? 

.193 

S3 

.179 


187 


.221 

183,979 

• o39 

40 

331 

, 

• 254 

32 

.193 


• it® 


187 


.217 


10731. U3 

12642 

*611 

13180 

383 

15 0 ®1 

.373 

14 0 S3 

.329 


*255 


299 

„ . 

.219 



78,852 

210.946 

110 

267 

.716 

.039 

n® 

253 

673 

369 

& 

.523 

.038 

13* 

2*7 

283.764 

32§ 

* 1 78 

331 

96q 

304 

•412 

289 


14 20 36.530 

. 00 *’ 

0 

► 0*7 
Ul 
134 
063 
161 
098 
047 

163 

116 
049 
163 
114 
213 
223 


12A 

7315 

2.963 

219.170 

213.851 

69.623 

77.492 

66 , 02 ® 

73.700 

66,165 

71.123 

*089 


1* 20 *1.810 
• 00 * 

0 

>049 

185 

136 
065 
161 
096 

049 

165 

116 
051 
16? 

11* 

211 
223 
072 
229 
213 
469 

*70 . 

221 

359 
Zl9 
597 

l 11 

9 ll 

2 1 9 

232 
030 
282 



~) 


ROCKeTdYNE INTEGRATED OHS ENGINE 
START TRaNSICENT'CMARAcTeRISTIcS 


J05 


ti 

X 


II! 


|5J 


lit 


DATE 21 MAR 4 SERIES 6K OME Rp/INT 1 SEQUENCE • 6 

TEST DESCRIPTION 

cqld e n gi n e restart evaluation *ith to f saturated mmh/ n to. rocketoynE rege n chamber* l/d injector s/n l» 

72 T? 1 NOZZLE. . COAST PERIODS FROM 3 MINUTeS To 1 SECOND, NO POST-FIRe PUROES* 

TEST no. 


START CONDITIONS |T0»3 5EC> 


test duration 

Previous coast period, sec 

FuLl INtET PRESSURE, PSIA 
OXl[) INLET PRLSSurtC* PSIA 
FUEL INLET TEMPERATURE, F 
OXlo inlet termerature, f 
INJECTOR SURFACE T£MP, F 
CHANuLR'TOP' TEkP»‘F ' ' 

coolant man if old temp, f 

NOZZLE ‘FLANGE TOP TEMP,T 
TEST CELL PRESSURE* PSIA 

START TRANSIENT 


128 

7300 

7.375 
21?.1T0 
213. »Sl 
69,623 
77*492 
66*029 

73* ?oO 
68,165 
Tl* 123 
• oa9 


ia 

7300 

♦5,800 
219.170 
213. SSI 
69,623 

77,492 

66*029 

73.700 

68.165 

?i,i23 

•08? 




|| 


FIRE SWITCH TIME 

FUEL VALVE COMMAND* SEC 
OXId VALVE COMMANO, SEC 
FUEL ISOLATION START OPEN 

FUEL ISOLATION full'open 
FU tL ISOLATION TRAVEL TIME 

FUEL SHUTOFF START OPEN 

FUtL SHUTOFF FULL OPEN 
fuel shutoff travel time 
0X10 ISOLATION start open 
OXI 0 ISOLATION FULL'OPEN " 
OXJU ISOLATION travel time 
oxiu shutoff start OPEN '■ 

OMD SHUtOFf FULL UPtN 
OXID SHUtfiFf YhaVFL T|M £"~' 
FSi'TO 104 f'C» Sf C 

FSi TO PC* SEC 

mAAImUm PC, PiJA'" 

TIHE OF MAXIMUM PC, SEC 

Peak acceleration, aqood* o 

TIME OF 4(j()6D" MAX G 

PEAK ACCELERATION* 40070* 0 

TIME OF 400 TO'maX G" 

PEAK ACCELERATION, 46060* 0 
TIME OF 4U0» D MAX S' 

PEAK ACCELERATION, 40970* 9 
TIME OF 40970 MAX G 
MAXIMUM AXIAL THRUST, £BF 
TIME OF MAX THRUST*' SEC ' 
thHUST OVERSHOOT* >CNT 
AaXimgm SJDELOaD -7* lbf — 

MAXIMUM SIDLLOAD *Z» LBF 


|4 20 49,500 
,068 

.064 

,113 

■ 14 21 35,600 
‘,004 
*00? 

• 06l 

"W'S . 1 

-a 9 ' 

o ^ 

O ^ - --- . ..... .. 

• 243 

• 130 

... , 129 — 

*221 

• 092 

• 111 

• 181 
,130 

' " .073 -• - ■ ; 

;i55 

• 002 

.049 

*2? 

• -St - 

t 

- .... .... 1 

1 

,223 

. 1 63 

| 

• 112 

• 114 

l 

• 113 

.053 

t 

,227 

.165 

j 

• 1U 

.11? 

I 

• 293 

.293 


.297 

.303 

| 

170,531 

170.531 

| 

• 3q3 

.307 


51,689 

96.3c* 

1 

• oil 

.169 

' s j 

16*205 

34.619 


,299 

• l«9 

| 

154.394 

156.661 


,2 35 

.107 

| 

30,387 

46.5G1 


• 201 

,1»7 

• " 

11772. 040 

14107.943 


• 299 

.299 - - - - 

| 

96.201 

135.132 

j 

267.038 

267.036 

F 

297,466 

310.212 




INTEftFUIET) ons engine; 

lENrCMARACTtWISTrCS ;^ " 


date ,;? MAN 4 

TEST OESCi IPTXOM 


SERIES -sK OmE KtV.IHl 1 


SEOUtNrC - 7 


EwbIME PE«MRHaNCE tVitUATl.-N *tTN RLC, 4 T<J 1 HQlllt* 0>U> L**SAfu*tATtt> *UtL* # iNCLyOES In* PRESSURE; 

CHAH^cTtiaiZAflOM. AU RESTARTS ON HOT ENOlN E . NO PURGE* AfTtR TtSTS 2 T»»«U S, 


START CO.C'11 IONS It 0-3 SEC I 


TEST PUMA Tl O n 

Ifpf'.VlQUi CO ST PERIOD, SEC 
fU.'L IMU RSI * 

o* it) iNUt r.it * psia 
" flJKL INLET IU ; RR*TULt,, ¥ 
C 1 »t I If«LLT If HP# KM Ur, £• f 
INji.CTOi- sut-FACE TfHV, f 
CHAH.jfR TCP 7CKP* F 
COOLANT HAN 1 h 01.0 TEMP , F 
■ NO l £\.t f L M * TO P T E’<P ♦ f 
TLit CELL PRESSURE* VS I A 

5T*ftr TRANSIT NT 


f 1*<E SrftRM I iNf 
f«:r‘L valve COMMAND* SfC 
OA Io V*4.vf UnpANO* SCC 
FUfl ISOLATION SIAhT OPEN 

FULL Ig.CMION PULL OPEN 

FULL ISOLATION TRAVEL T JN£ 

Full SmuIoff SiakT oven — 

FLO L Sho luff FULL OPv« 

Fl’tL SHUTCiF Tl-AVFL T 1 Mf ""' 
0*Ift IS^/illON ST X.".T <jPEN 
PAID I A T ION FULL PPfN 
UUO U«C-itluH T*' *Vt l tlHE 
OX 10 5UVTLM START OPEN 
oXlM SHU I OFF FULL OK.N 
UXIU SnuToM; TRAVEL T JHt 
f SI TO Ki H ♦ SEC 

fsi to *>ri pc, stc — ' 

HAXJkUR PC. IMA 

TIRE or K.Wh vJH PC * SF.C 

PI ACLf EL* ATlON* *0060* 0 

Tl‘‘E OF MAX 6 

PEAK ACti 1 1** A T ION* 4cO?0* 0 

TIME Or *,;,([) «« G 

PM* ACUll^AHON* 40(»Ai)* 0 

TI*r OF 4iiO l; L MAX G 

PL6K ACCLl.1 *' At ION* 4 q9TU» 0 

Tl«E OF 4^970 MAX l> ■“ 

MAX^IUM AXIAL THRUST * L«E 

TIRE Of *AX THRUST* 5fC 

MAXIMUM SlUtCuAO -V* L»P 
MAX I HUN SIOLLOAO *-Z* \fif 


lo.oor 

8 

251.032 
232. roB 
47.683 
6S.4bS 
ST. 101 
36.470 
36. *36 
57.301 
*066 


13 SI 14. 89? 

,002 

, 08 * 

*067 

,185 --* 

• 118 

*onJ ■- 

,165 

- , 05 ? — 

* l> 53 

, 1 39 - — 

*PM6 

,r.5» 

.137 

,002 

.331 

,361 • — 

n*.sjo 
.... #3a3 .... 

428*153 
*209 
181. H67 

,20? ~ 

1*7,2 To 

• 20 ? 
1 0 5*,272 

. 20 ? ■" 
7$*e,G8b 
— ' — ■ .355—- 
58.676 

- 20 ** 4 T 7 


10,«ltt 

21*0.7*7 

225,^07 

Z27.lT* 

52.336 

&0.?9b 

Vo.?2* 
63. 211 

6»,*a* 

-■ ?0*O y 5 
* 06 ? 


1* 27 55.631 

• 0«* 

- 6 

*« 5 J 

* ITT 

.120 

,n95 

.163 

--- • #06B 

,0*7 

— « T 55 — ; — 

• 106 

:* '■■■■ «&49 

*169 

,116 — 

.361 

.3 63 

| TV . ^>55 

' • j75 

6.1.554 

' .41* 

19,4*6 

.155 

166,/iG 

““ * 21 ^ 

39,919 

— " .155 

9635**62 

— - ' .jbj 

««.S91 

18 B ^»2 


nsr NO * 


io*<U)7 
61.051 
16^.542 
16 ^. 3*1 
5 7 .4, *8 
77,152 
111.616 
264,043 
64.J41 

68.4 0 7 

,06H 


14 28 56*7u 

.006 

.002 - 

*065 

*181 — 

.126 

- - i 06 S 

.171 

. ORA * 

• 051 

.167 

*106 

.063 

.165 

.112 -— 

. 333 

,365 — 

1*5, AH 
. 379 
56.664 
.667 ”* 
20.460 

— * 3*3 — 

31.4J4 

.343 ' 

37,731 
.069 - ~ 
6901.647 

.3*3 

86,819 

2ot.Q69 


lo.OOH 
2«?.92i 
172.013 
JS 6 . A 36 
5/,r 68 
1 1 7, 799 
124,179 
?65.*60 
r.w*i 
7g , 1 23 
,d«9 


M 

o 

^ **=3l 

© 

' © *3 
*P3 EW 

10.000^ 
ft?, -64 * ~ 
Z34,Rrt9 
210.619 

6^.9f)9 

l‘3.*» 12 

118.90* 



77* ->o6 

66.641 

*066 


*1 

1 ?rt 


29,640 
,006 
.002 " 

♦ 063 
«fR4 — 
,123 

• 1 - 
♦ m 
,'»*0 -■ 
,61 
, 16 i » - — 

,U.6 
*63 — 
, 1 6 t 

,114 

. H 7 
, io 9 — 
.443 
, T 33 - 
,5 24 

> , 93 V 
.-99 — 

>«2DJ 

. 3 - ' 

• . 9 1 M 

.97j 
1.464 
,336 — 

[ ,26b 
*. 3/6 - 


14 3 0 


t I i ’ 

,*99 

-- ,307 

? 06 . »«i 
,.10 7 
SI. 2^9 
t* 57 
22.^42 

■ '< .? 3 

1M2.M2 
* 3 1)5 
41,612 



DAT£ *7 MAh 4 

TfiT OfcSCulPtlON - " 

ENG I ME ptqfORMANCE EVALUATION 
*tMUW»lN*J* CHARAcTeWI/ATIoiy* _ 

S?*R7 cowl I IONS (To*} SC/; ) 


— INTEGRATED ONs FNOlNE 

STAftT TRANSIENT CHARACTERISTICS 

SERIES 6K, o«£ RO/IHT 1 


' - £g 

or* 

« ' ' 


SEQUENCE 


- 7 


■— . • - .. TEST NO t 


OQ 

5® - 

§ 3 

fel 


OX If, 
Flrt. L 
6*lo 
1 N Jt 


T7>T Ol'f/'.UON 

'PPtVIO’Ji CO. ST PfRIOO. SEC 

fUtL I f»Lt, T fkt.CSUHL* PSIA 

I f ‘Lr T Pm, SSURf • PSJA 

IM.LT tihpu Aju.<r. r 

lNi,F.T Tl MH'UATUjiE , r 
, -Tu.t SUmMcc ?Lmr. f 

TOR TCop, f 

COOLANT NAN IF 01. 0 TEMP, r 

ROZZi.C ELaNVC TOP TEkp* 

Tl.af CU.L PRESSURE* PS|A 

STAWT TOAOSIINT 


Mut SWITCH TIME 

Eofcc VA). VE command* 5fC 

pxio V'-LVr COHmAOO* sec 
*U*L ISOLATION STAmt OPEN 
FUt L ISOLATION FULL OPf N “ 

. f Ut.L !><>L AT I ON THaVI L TIME 
■ FUEL SHUTOFF STAWT OP t M " 
Fuu, SHUloFr Ft<LL OPt n 
FULL SHUTOFF TKAVFl TlMf ™ 

~cxif) | Splat ion start optW 
JiJ.° POTION FULL ’OPEN - 

0*10 ISOLATION Tk-H.IL TIME 
0*10 SmiTuFF ST,FT V y t 
. UMO SnuTuFf Lull 0F t ju 
pxio SHUT OFF T» AVFL TIME 
psi rg iii^ k; $tc 

*51 TO ') % PC, 5LC 

NAAImUH PC* PS]* 

TIRE OF Ha A I hUM PC* S€t 

TIME *J L ^ E, ' A 1I0N* 4«06O, S 
TIME OF Nftx o 

TImF 0F‘ j ' L !i7 ATl ?^ *0076# 0 
M«L OF *,;0 7 r max 6 

IlHr *00<iO. 0 

I JHf OF 4 0(;>.U MAX 0 

». * *^ CF E£^ATJON» 4t«7 Of a 
OF *v/u max o 
NaAIHUH AUAL Thrust* l«f 

TINE OF H.A THRUST* St*C 
h AX I HUM SIUCLOAO iy. I iir 
MAXIMUM &IOFLOAO ■•t * LBF 


ItuoiO 
23.-23 
PfjT.SV? 
224. l *S 
66 . 7+9 
117,799 
}26.vm4 
255.572 
Tb* l i09 
67.672 
• cvO 


35*006 
26.20* 
22 5 . | j 7 
226.705 
56*664 
1 17.7*9 
J25.S35 
J02.SH2 
**.773 

*1 *4 1 4 

#.0®7 


6*009 
90.7*9 
121 .RBJ 
12)*417 
71 * 1 1>7 

7 Z'?n 

11 7. |14 
19M.444 
6*.5l9 
46.999 
#064 


10 


5.Q09 
*31.659 
10J.JH9 
10*. 7*1 
4T.;»5 
fit •« r i 
1 2>.2S* 
1*\7|2 
6 J. V | 5 

69,09* 

.073 


4013 

43. <4(t 
«*. 92 I 
66. | 66 
os.yao 
75..'** 

) 2 1 » 0 6 ii 
1*2. 116 
62.SJ5 
*6. <-.?/ 
» 0 70 




nocitrToifwt; ntT£«uieo o»*s engine 

START 'TRANSIENT CHARACTERISTICS " 


OAtt «?T HaH 4 
TEST OESifwlf flOH' 


SERIES *K ONE Wj/IMT 1 


SloULNcE 


* 7 


tNJlHt {'EflFORNANCC E V aLUA t tON SIT* PEC# 9 tO 1 NM7LE* C°LO UN$AfURATfcD PO^t* INCLUDES t®* PRESSURE 
ICHOOPlMti* CHARACTERIZATION, ,AI.L_Rt&tAhtS ON MO? ENGINE* NO fURGt? AFTER TESTS 2 ]#Sf 

TEAT NO, 


START CONDITIONS TU-j SEd 


TEST OU' TJON 

'PHcVjojj cu;.sT PLRiOu*sec' 
FUt L Il>U:T FLF-iSURf., PS I A 
OXIfj InttT PMJ.SUHfc* PS I A 
FuU. InleT Unpo,a ?!*><•, F 

bi Id Inlet Ti*iPL mature* F 

INJiCToM SURFACE Tt'ipj f 
CiK fk Ur'IfMpf F 
COOLiNT MJ.HUOLO TtHP, F 
Nyi/LC fUN^I TOE TEMP, F, 
TtM CELL PHtSSUMt. F$IA 

START TRANSIENT 


... Uk 

S,« 1 S 

*6,90* 

IC 6,?07 

ioo*nS 

To.lTI 

78 ,ool 

jss.zaj 
67.213 
68,079 
• Q 6 t 


ll 

s.ais 

' 36*6 16 
67. fl9S 
« 4*671 
71 , 1^2 
76.681 
iii.or 

| 6 1,596 
64.550 
6*. *97 
*o 7 l 


u 

^"slois 

~ 74 . 96 S 
64*496 
6*. 896 
69,746 

75 . 7 c 6 

123.937 
1 69, 525 

6 *.? 6 * 
6l,*33 
• 080 


i* 

ti.i/13 
711.337 
21 9 . Si* 
214.429 
T*. 1 7 * 
79.445 
>1*.**7 

Td.tf ] A 
66 . 5 U 
.060 


ri»c switch time — 

FUEL V/.I ve COMMAND, sec 
oxto VALVE COMMAND, SVC “ 
TULL ISOLATION STAHT OPEN 
FULL ISOLATION FULL OPEN 

full isolation Travel TIME 

FULL SMv:t(-.rr START OPfN 

NtL SH'JIOFF FULL OPlN 
FULL SHUTOFf T. aVFL T 1 ME 
0 *ln Jl)L»UON START OPEN 
0*10 ISOLATION FULL oPFN 
oaio | sot aT i on travel iihc 

L'X 1 0 ShuToFF STamT OMEN 

oxlu SHUTOFF FULL OPEN 

OAUj SHUTOFF TnhVLL TInE 

FSl TO 104 PL* StC 

F‘,l TO 'Cui FC* SEC "" 

MAAIhUh PC, P-'l A 

TIMS OL NftAlhUM PC, sic 

Pf An ACr.LU PAllONi * 0060 , 0 
TIME, or 400 ’">U MAX 6 
PIAk ACLiLl-MATION, * 0070 * Q 
TIME OF 4 ,Hj 7 U MAX G 

peak acceleration* * 006 D# q 

TIHT. OF *»,*. D J- 4 X G 

FLAK ACCtLEMATIOU, 40970 * 0 

TIMf OF *<, 97 b MAX G 

haainum aa|al thrust* lnf 

TIHt OF HA K THRUST, SfC ™ 
ftAX 1 MUM siuElhao -T* l*F 
HAXIHUR SIULLUAD -2*.LBF 




HOCkCTOYNE INTCGhATCO oms En«in£ 
JjAitr ! RAM516NT CHARACURI St k» 


HAtt 01 A^R * 

ttit description 


stmt* 6K one Rd/iht I 


SLoytNcc 


• 8 


CNtilNE ptpf 0 ft M *«CE A WO HEAT TRANSOM lvALijAtlo N 
j>UtLi ALL RESTARTS ON HOT ENGINE, NO POST-FIRE 


START CONDITIONS ITOO SEf.) 


TEST OUKATION 

pPtVlOUS Co * ST PERIOD, StC 
K?»L INLET PRLSSUKl* PSlA 
OAM) INLET RRlSSURt* PSI* 
fUt.L INLL ! UHPLMAIORE * f 
OAl[> INLET TtNptftAtUMLt f 
INJECTOR SURfAtt TtHP, F 
LHAH^tH TO** UMP» F 

Coolant maniFolD t£hp, F 

WUiLt TLANot tOF ' ltMP * f 
TtbT CELL PRESSURE, P31A 

START transient 


WITH pLyOOEU »LC qRlFlCEs* * TO \ N y 2 4 L ?! c O L P UNsATURMtO 
PURGES, * _ ’ * • : 

TEST NO, 


I 

35*00* 

0 

22*.S*e 

2 if 6 *ToS 
S2*avi 
*8. 0*5 

*4,837 
54.54* 
55.433 
5S.2T1 
• 050 


lo.fllO 

27.981 

aSfa. 0 2i 

02. |H 
Tjoa* 
uMii 

302*33* 
T 0*502 
t0#12O 
' '*•(>50 


l&.elA 

*1*752 

STn.olB 

243.21* 

51*534 

75.455 

125,675 

20(i*S5* 

77.037 

Ti.sss 

‘.OO* 


Ic.oo* 

J;«.va4 

*32.*3a 

20 l!, *5ai 

So, ISO 
77.49* 
1ES.S4? 
*7 m.| 92 
6b,65<> 

76,83* 

* fl ?6 


f I ML S«IICH TIME 
FULL VAlVt COMMAND, SEC 
6* In valve command, SEC 

fUU. ISOLATION START open 

rui.L isolation full open 
F utL ISOLATION TRAVEL TIME 
FULL SnUl Oft START OPEN 
Full Snot CPF fULL OPEN 

rOiC shot of? Travel tire 

(jMn t aOlaTIcA START OPEN 
OX lu ISOLATION FULL OPtrt 
0*10 ISoLhIION Travel time 
OA lU SnOlof* START OfLH 
OXlU SMUTUft F ULL OPfN 

oaiu SmuTufF Travel time 

FS1 TO 1 6 m PC, StC 
Fsi TO VO* PC. 5tC 
RAAl.ioM pc . PSIA 

tint of max ii>oii pc, sec 
P t.A K acceleration* footu, 0 
Tire of add'd max g 
pf*k accell Ration, aqqhO* o 
T ire OF 4 00«''O <> 

PU* ACCtLl^Al ION, 40970* 0 
T 1 Mf OF'a^.V/U max U 
P&AimUM AXIAL TMHUST, LbF 
TlM t of m a a thrust. Sec 
RaAIHUH SIOELOaU -t, uf 

HaaIMUM sIOELOaO -2* LBF 


l* 55 


S.03J 
902 " 
• 00 * 
.077 

- * 2 lT 

• 140 
,0«7 

- ,190 

• 112 

• CiS3 
,163 

• UP 
»U53 

■ ,161 • 

• 100 
,Jfl3 

- .395 

j7o.t;94 

• *07 

22,610 - 

• j7S 
j9d,02S 

• 375 
35.189 

• 40 3 
7636.400 

0«T 
*?• (iTo 
172.317 


u *! u.ois 

— % 0 «# 

too ? 

to*i 

* 21 » 

•1>* 

- :$ 

!itt 

— .154 — 

* 106 
*oSl 

■■— *161 

♦ llo 
.257 
.303 ■■“ 
216.644 
' .301 

18.174 ‘ 

‘ *299 
l9S*o25 
" .,*95 
34./* 89 
,755 
♦ 126.562 

* * • >99 

?U2i6 


U 47 42,776 
“ 1 ,002 
*004 
•til 

• 219 

*106 

• 067 

«2ol 

1 134 
,053 
,161 - 
*10 a 

*051 

,163 

• 1 12 
,275 
*287 

213 . 06 J 

,VfMV 

24.7T3 

• <*65 

198*025 

20»b9l 

.<■67 

l060ti.S»T 

• <* 8 T 
U 3. 2 PS 
2 tt 5.214 


X * 46 25,734 

* .004 

,006 

• 969 
.217 

• 126 
,069 
, 20 | - 

• 132 

«oS3 

- ,IS9 

• l «6 
.753 

.145 
.112 
, JO 3 
.313 
l7?,„74 

• .Ml 
24,010 

.313 
X9b.(it'» 
,315 
3 1 ♦ » 

i ■» l 7 

8fclo»ii7 

• 313 

i 36.347 
i97,43i - 


s ■ 

5 

10.015 

2J.{«6> 

2')7, Jt>6 

221. ; * I 
53.981 
78.171 
131.33? 
29J.9 

9j.77V 

77, 309 

.091 


14 46 S6,ft07 
,0»4 

.073 

.21/ 

• i4* 

,ob7 

,2o3 

.l3o 

,•>49 

• .165 

,I.'C 

,167 

,.V4 
. 30 f 
2 ? 6,*>P3 

,3 7 

15.284 
. ir> f 

• 3 <1 7 
3U.79 v 
.♦>77 
9l*T,IOg 
*3r.5 

T ft • V A I 





ROCKeTuVNt l«TE0H A T t 0 <»MS tNOINg 
StAkT I^ANSUNT CHAWclCftJSTICS 


0*!t Cl *PR * 
te»t DESCRIPTION 


SEHIgS 6K OWE Hb/IHT 1 


steytHce 


. 4 ?^ 


• 8 


& 

•3-'.o 


r 


ENGINE WjRHjHg ANb «CAT TRANSFER EVALuATXqN W.I.TH pLu??EO BUC oWlCt** To I ~W> 

au. restarts on mot engine « no post-fire pvageS. -■■ ~ ~ 

MART g ONU IIlONS IT0 «3 SECT TEST ho/ ““ ~~ ” 

7 


TEST DURATION 

Previous coast period, sec 
futt iuUt PRESSURE, PS I A 

0*1 u InLlT P'Hl’SSURL i PSIA 

eolc Inlet iempekatopf, r 
0 * 1.0 InLET ICnreraIuKe* r 

InjlCToR SURFACE TEMP, F " 
c*iAj.v,f.N Top 1 1 i tp » ‘ f 

coolant manifold temp, f 

ftUAZte >*UANi»E TOP TEMP, f 
TEST CeLl PKE5SUHF # PSI A 

start transient 


10*015 

*3*929 

62*“32 
«0*2l6 
1 30.*'* 

ZO-t.JVy 
Ib^aS^O 
77*01*, 
• 0T2 


10*006 
- 63,0*0 

241,969 

£65.6*6 

65, TO’ 

8j.*$6 

130, 

Z?T.£aS 

ni*i«6 

*oPf 


10*011 
S’* 031 
103*2*6 

Tl.ISo 

133*674 
2*3. lot 

122. &4« 

Va.1’4 

*066 


H'*t s*1[lm tire 
futL valve command, sec 
o*id valve Command, sec 
K'U. isolation start open 
TU r L 1 uul a T ION f DLL OPEN 
Hal. isolation Travel time 
' f u.l. sooTur start open 

FUi L SMUtui FULL OPEN 

focL sou for f Travel time 
Omo isolation st ah r open 

0**0 laULA T I UM FULL OPEN - 

r<*io T sola fi on Travel time 
0*10 SHUTOFF start OPEN 

0*lU SHUiuPF FULL CP(N r- 
oxu> siiui'uf F Travel ‘time 

FSI to nv k; sec 

FST TO <>rr, He* Sec 

FW] V(j ; l ,<(.* * p:, i A' 

UHL OF m/.XIF.Om pc, SEC 

Pfak ACCELERATION, *or>7D, G 

TTme OF ♦ 5o 7L> MAX G 

REAk ACCELERATION, A 0 o f] 0 , o 

TThE Of Al'PoO'ma* U 

PEAK ACCELERATION, AO 07 D, G 

TIM, of 4y97D*MAX 0 
maajkum A/i*l Thrust, l«F 
TIME OF' max THnUST, "SEC 
PAAIHUM SIOlLOAO -Y, LHP 
HAAIMUH SIDE-LOAD -If LHP 


i* 


4’ 53*751 
,006 


• 002 
*063 

*313 

*150 

*079 

*2oi 

• 132 
*051 

,143 

*U2 

• <>Tl 

,166 

*094 

.316 

• 341' 
141, 0«5 

. T75 
“12,224 
» 333 
T90.025 

• 337 
35*luV 

• A 95 

~*l5s,oa2 

• 335 
1 S3 * 634 

251*126 



14 52 4,663 

.006 

*002 
»CM 
*211 
*150 
*007 
*2C3 — 
,116 
.051 

iisj — 


10*006 
17.*>*0 
l7b«Eu6 
1*9. 45 J 
SS*6j2 
7Y.VSS 
J45.660 
301*366 
loNflAa 

64*405 

*142 


14 52 31. >54 

— ,002 

• 006 

• (,63 
*215 

• 152 
, (/7l 

,207 

• 136 
« i'4V 
,155 


• 102 

■ * 1 i)6 

,05J 

• : j '13 

• 161 

.1*5 

• 109 

* (’62 

*327 

,?«5 

* 34? 

.311 

13V, £6H 

226,695 

• 357 

.313 

l*? e 2l 

1«. JVj 

.349 

. 3(i6 

l’f.025 

1 9*1 , oiiia 

• 349 

,10V 

3u.24] 

. * 32. w "'0 

* h6 l 

• jOS 

T r R , 33 3 

- 0 (,66. 014 

• 34 T 

•30? 

^*2o» 

54.2JS 

1*2*241 

36 J 4 HO 1 


a lo 

10*006 
3*. "55 
223*6*6 
2*5*435 
76. "|3 
«3* j^T 
I4J. .*J 
pbS.i'bj 
1 

04*47j 

*u7s 


14 53 l 6 ,h 1 7 
,006 
♦ 0 02 

* ii6l 
.221 

* 1.6 v 

* i'el 

.Zr.'f • 

*051 
' ,1S» 

« l 0 * 

' ,!.H3 

*103 

* (j^v 

* Fft J 
.3*1 

165, e 1 ^ 

* J5* 

' 23.^00 
*3 \* 
19B.123 
•31’* 
33.64)1 

* 321 
9025.241 

•3?1 
1*5. 7 2 * 
136,251 



MOCKETDyNE IWTEWATCU 0ms CMOXNE 
5 T ART ' T Bans I t NT CHiRAcItR I >7 \ C? 


— # 
#4 


SERIES 6K owe Rp/lHT l StOUfiNCC ■ A 

iEsCrIptIOR " 

im*v<*ym s«*i w»«w w"*/"" * r ° 1 * C0N ’ 


DATE IS HAR * 
T^sT PEsCrIpt. 1 .®^. 


start CONDITIONS IT0-3 sec* 


TEST OUHATION 

PR«-vIut-'^ Cu**ST ptRlftOf StC 
T’ut.L INl'il PRESSURE, PS I A 
0X1.) iM.tl PutSSUWl* PS I* 
Fui.L lNCcir TtMPfcH4TU)>C* F 
OAln INLET TtMpLKATUHE* F 
INJECTOR SUKMct TtMp* F 
CH a m : it M 1 i 'f* 1 1 1 i M , F 
COOLANT f'AHlPdld TEMP, f 
NUZX lt >UfR’E TOP 1E«P» f 
It ST CELL PRESSURE i PSIA 

START TRANSIENT 


F I iife. SNITCH TIME 
full V alVl. COMMAND* SEC 
0*10 ViLVi COMMAND* $EC 
FUt.L ISOLaTUiM START OPEN 
F Or L I SOL A 1 ION full OPEN 

full isolation Travel time 
full ShUTuH START open 

FUt,L SMOtOFF FULL OPEN 

FUc.L SHUTOff- THAVtL TIME . 
OKU) lSULATIuN 3T*HT OPEN 
O X 1U ISuLaIION Full open 
QX 1 u -ISOlrtTiON travel TIME 
0*10 Soi.M.;FF START OPEN 
OAiu SMUT of i FULL C'Pi. n 
oKiu siujTufl Travel time 

FSiTO H* PL* SEC 

fsI io <iO» Pc* stc 
MAaJMuM pC* pSl* 

TIME OK MAXIMUM PC, SfcC 
ML mk ACCELERATION* 4$<>6®* G 
TIME Of-’* ( iO t ®" MAX 6 
j PEAK ACCELERATION. AOOTOv » 
1I*E OF 4 4 i^7L> max O' 

Pi AK ACCELERATION, 4 00 rO» O 

r IHe Of * t ,ou* max b 

PEAK ACttLtRAUON* *y9T®* » 

TIME OF 40WO MAX c>' 

maximum axial Thrust* luf 
• TIME of MflX THRUST, SfC 

\ tHHiriT'yVuHuiiugr, pcnt 

MAXIMUM SlOLLUtO -V* LP>* 

- MAXIMUM SlUtLOAO -Zt L8f 


test no* 


w/v 





4? - 

„ 

~W ~ * 


£ 


1*217 
0 

22<)*»69 

2 > l 4 * b 99 

74.3*4 

tz.ui 

fij .843 
77.V04 
71*174 
Ta*6l9 
• lol 


I* 


4*684 

• 00 * ' 
0 

• 0b5 

• JUS 

• 134 
f£>77 

• 151 

• 07* 

• 051 

*1M 

*110 

*161 •"■ 
.(,79 
.321 
-- . 3?9 
167. '*9 6 
.333 
6T*vt»7 
•137 
92»P ]T 

• 3/3 

j 9 r * Vi 4 

OH, 
41.040 
.63*7 
94*4. *25 
033 
57.144 
j 2 6.bji 

231. 22^ 


1.20H 

179.593 

220.44* 

21**2?5 
75. 41* 
T4*«j75 
67.448 
63.184 
78. *>s4 

*qo? 


15 12 S.*4* 

... 

.• 0* 1 
*V’T " 
• 12* 
*079 

*lol - 

• 0*2 
*0*1 

— *jo3 — 

*112 

* 0 69 

• l»3 

.04* ■ 

ijl5 

.327 - 

159.625 

. J33 
■— 93.482 

'".663 ■ 
94.J-Z0' 

*;ilT 

l9?.y,8 

•HOT 

— 33. U2* -- 


1.2)3 
119.597 
22u*0 1* 
21**275 
7l.zTo 
7b. 6(4 

9 U .99l 
To. 6J9 

86. £64 

7**371 
• 0*6 


15 14 6.49? 

*.002 ■ — 

• ao 4 

• C 59 

- *1 H 7 ■“ 

• 12 * 

• 0 75 

• 155 

• 080 
.051 

.163 

• 112 
.655 

.163 ~ 

.109 

• 311 

,321 - 

,352 
,3>7 

ST. 939 — 

.*:3i 

- * 3 i l 

1*5 * 4 ;) 1 

• 199 

*1*040 ' 


1.213 

60,015 
220-019 
2 » * • 6 V 9 
76«bV6 

76.169 

9h. 7*3 

130*767 

9.>»l»jS 

71*201 

*068 


15 15 


(60. 


124? 1 


1ft gl 

2f*0- IO 5 


54 

319 

l4( 

U: 


132*4 . 54 J 
•3lS 
121* l l >9 * 
241-^79 

2?l*l74 


151. 

* 

36* 

# 

ttlii 

U b. 

39 . 

I32’7l 


«y** 

322- 


7.727 

005 

002 

057 

|67 

130 

u/1 

,J57 

,0-36 

p051 

i 1*1 — " 
,110 
> uSj 
,165 - 

r 1 1 s 

» t 99 
,311 
.9 VI 
.317 

6£5 ' 

60l 
102 
r ;99 

231 

. 9 J 

j98 -- 

bl5 

bS4 

■301 ' 
,Apft ' 

6()6 


1.217 
29.433 
220-*^* 
21 3 . 6 'il 
76. 1>1 

TO.f/9 

10O- ?0 9 
205 . 4 i j 
6A. »6? 

74. £64 
.077 


IS 14 3A.A7J 
.006 
*632 
.yb7 
.189 

• 1 32 
.071 

a 1 S 7 

. OUb 
.051 

-■-- .161 

• 112 

• U 6 i 
— - - .163 

. 1)2 

, ZT 7 

*2? i 

1*8. JS6 
tit 4-3 

5**C5J 

• 199 

94.003 ' 
.£77 

VA.t,/7 
» /7 7 

36.104 " 
.,>77 
lj78S«be6 

. ? »9 

j?9*76y ' 

l“»-*0J 

3*5.67! 





ftOCKCTPVNC INTEGRA TEO OHS tNQINC 

START ' tRA^SifcMt CH^ACIERISUCS 

WHItl ** 0«E Hy/lNT 1 SEQUENCE * * 

ESEHinT 1 ''" — ■ 

CoLU-LNOlNt. «MH PHW.ELL.NT RESTART EVALUATION «!« S#A»T e*5T00S "^OINO PRgN J NI.NUtES TO 1 5CCo«0. 
SIaRT CUNuIlIONS IT0-3 SEC» 


date i & mar 4 

ttbt OE$CftJpTlON 


test no* 


TE5T dUHaTION 

pKtvIo*J> Eo^ST pt'RloP* SEC 
ECU. ImEET k'lif.iSURL , PSIA 
OMtl 1 * JU *■ I PKiV « 5UHt * PS£A 
frUtL INLET ItN^f.KAI'UME* f 
oxlp itiltT Tt»'»-t.Kitur<t* f 
INJECTOR t.ti«TACE TtwP* F 
C*i'» :;tu TuP if ’Ki f 
COvLANT Ma.NiJOlO TtMPt f 
KiWU'KAfuAt TOP U!<P* F 
U5T CLU. paUSUKti PSIA “ 

START TRANSIENT 


H*L SwlT'.H Tint 
ft ' t.L VALVE COMMAND* SFC "" 
bxiy VALVC UjMKANUi slc 
toll isolation start open 

f Uil ISuLNtiON fun . OPEN 
fUt.L ISOLATION THaVU TIME 
f LilL SHOToFE START OPEN 
fUrL SHUTOFF - FULL" OPEN 

fOtC shotoeF Travel time 
6 * in IjuI-TION SHUT OPEN 
0 * J U i«>N f I'LL OPEN 

nxib IS.JLAIION Th.ivlL TI«E 
oxio sou f off Siam? vrru 

OXlo ShoTofE KtLL OPiN. 
0 X 10 SnuToFE lHAvtL tlME 
Fi»l TO i'i rll SEC 
fM io vv* PC* StC - ' - 

Mfi A I |hL * . *.< 1 A 

Tint Of M..A1NUH PC, SEC 
PtAK AtuLL L maI Ion* 40QSN* 
TIME Of A.^T.O'f-'AX 0 
PEAK ACCELERATION* AcufO* 
TIME Of AOC/OMAX 0 

Pt*K ACCLlE >'A f ION* A jqPO* 
TI«E Of •4'.C- 1 ’0 *NaA O' 

PEar ACv,Ell>'AT lOfii AjjPTDf 
time Of a^ii/max 0 
MAXIMUM AXIAL ThP'.'ST* L mf 
TIME OF MAX "THRUST# ‘5EC 
TmROjT OVl N il .COT » PCNT 
RkX l MUM SlOcLUAO -y» lhf 
MAXIMUM S.IOtLOAO ~Zt LB? 


l.?19 

IA.VZB 

zl 9.59* 
?13* B 5I 
76.014 

TT*o;^ 

jfl6.7j6 

87 • 448 
T7.U73 
♦ 68S 


IS IS ss.Qje 

' , 00 * - 

« 

#05S 

• 1«9 •■ 

.13* 

<069 

— .1$* - 

• ovo 

• 05i 

- • 161 - 

.110 
.jS5 
— *164 

<n* 

.247 


1*222 

e.vo? 

Z1B*7AS 

213*42? 

TH*332 

7?.*oa 

li i**\? 

2aT*h3v 
07, i«0 
80*434 

- , 0 vo 


15 10 5*1** 

• 00O " 
»0O2 
*l>35 

*187 - 

<1« 

.1*9 — 

• 09 * 

— - 4 1*3 

.112 

*n53 

*1*5 ™ 

. 1)2 

*223 


8 

1*200 
4.49* 
216.7*5 
2U-1S6 
70*161 
7 1> * *» ;*9 
UJ.7^ 
2X6* AMS 

98*380 

06«o73 

•100 








163,62* 

l?2.3*6 


• r 67 

•2*1 

6 ■ 

52*368 

-■ 4 3 , 4 S* — 


.453 

‘ *22 9 

a 

85*06? ' 

93.766 ' 


♦ 233 


G 

3l*5f5 

36.436 


• 249 


0 

39.398 

— 48.1 53 


• 571 

•22^ 


10277, 9^4 

10338,648 



• ?57 

■- * , 2 jj 


7 1*^49 y 

72*312 


228.020 

ZS2*867 


222.54 1 

1&8.73S 


IS 16 10.86* 
.010 — 
• 00 * 
*659 

*191 

•132 
« ut>5. 

- *167 — 

• 102 

• OSS 

• 169 

• 11 * 

• f;f>7 

• 169 ~ 

• 1 U 

• 213 

.231 ' 

2I&.2A* 

• 231 

" *9,025 

•797 

76*636 •' 
•227 
1 3 1 • 1 9S 
•225 
37.756 

IqB 4S * 2S & 
•229 
8t)» 754 7 
2 * 1*801 
224*526 


1*249 

2.OV0 
216 * 745 
eu*)^ 
75*1*1 

76»t>^9 
1 13» 7 j9 
£<;*>■ 

95* j5o 
86* *J 7 3 
•100 


13 1* 14.131 
• 00 * 

*O0 b 
• 0 7 1 
— *199 

• US 

• 03 ** 

- u ?r - 

• 116 
*057 

- *171 — 

, 11 * 

• 034 

.ITT ■ — 

• n « 

• 001 

• e’Ol - 

j68 , J30 

• 207 

44*568 

• 595 
76.b ( j6 • 

• 95 5 

13*^77 

63 * 7 j. 

• V5J 

9 2 9 /; 44A 

•201 
34 »'»57 ^ 



U22id 

2 1 8»7aS) 
212*156 
75*161 
76.3^4 
n3»7i» 
2?ft *.^5 
95* jSo 
Oa * i> 7 j 
• 100 


IS 16 is, f <50 
.00* 

ioa* 

• US '* 

*14J 

.13* 

.057 

• 175 
.116 
»05J 
.167 

• U * 

■ Lb3 

.171 

• 1 |6 
.001 

»? i>-# 

1*7.^ 

*21 f 
75, Ho 

• on r 

1 1 0 • 7 1 4 

*C'V3 

l9T.N lo 

• U 0 i » 


1 ? I • 1 j)3 

1***(,«7 



DATE IS Mar 4 
l?5T DESCRIPTION 


ROcXfTl 
Si ART 


SERIES 6K OHE 


CoLL-tsGINE* WARM PRyptLUNT RESTART EVALUATION 


StA«t CONuIIlONS CTO-3 SEcI 


TEST QUHivTlOM 

pptVlQUS L<y'*ST pfcpInO. sEC 
fUr„L li.t.l f RRfSSUrtfc, psii. 
OMO ILLLT KpIsSlRE# P5J A 
Elite I:<LtT TLKPtPAlUl<L» r ■ 
OAlo ILLtT UHPtHAtUkt* F 
iH-JtuTOH SURFACE TEMP* F' 

cHaKi 5 fj<'lul'‘UMP,'r 

CUOLaNT m.JUfOLO TEMP, f 
FL#,N« t TOP TEMP, > 
TEST CLLL P«fcSSUHEi>SlA : - 

START TRANSIENT 


tike switch time 

HlEL VALVE comham>i SEC """ 

OAln VaLVL COMMAND. SEC 

FULL ISOLATION start open 

FUEL ISOLATION EULE'OPEN 

Full isolation travel time 

fOt-L Shu Ton START OPEN 
FOI L Shu T UK? KULL'OTTN 
Fou. SmOTofF IrAVEL TIME 
OX It) I SoLh I ION STAnT OPEN 
OXiU | UCLA Ti ON f OI L 'OPEN 
OMli ISUL-TloN TH.iViL TIME 
0*10 Sr«U T (jf i START OPEN 

0*1,0 Smu T on Full uPi n ■— 

OX 111 SriUToFT TrAVFL TIME 

tsj'tu i t a Pg> st. r 

► St to 0V7 1 Pc* SEC 

h fc Al: 1 U-, 1 pC» PSJA' ' 

T'lM. Or RrXIMUM PC, SEC 
PiAiv ACCELt-HAf IO n» 4qo(,D* (f 
TIME OF a,)0"0*MAX G 
PIaK ACC£t‘> aT I On# 4307 C 5 * O 
tint OP Af.^/L RAX G 

Peak alG-U>aT ion* *03*10. 0 

time of 4 3 0 ,.u max o' 

Ft Aa ACLtLEHATlONf 43970 # 0 

tlPfc Of 4j77&‘HAX G 

haajhuh axial thrust » iof 

Tt«t OK M/A THrttJST , "5f c 

tmmust ovrp.H.oo r* plot 
Max l rum siuloaO *r» lgf 

MAXIMUM SIOEeUaO »dt LeF 


■ 1*215 

18.6*9 

21M.3ifO 
? 1 2 • 1 50 
77*720 

77 . 5*9 

123*084 

2&S.7S4 

Gt).9io 
8i*463 
• 099 


15 16 35.821 
• 002 
. 00 * 
*053 
*lhJ - 
4 130 

•on 

.159 — 

*000 

• OSl 

.159 

• It* 

• 045 

• 1 65 

• 110 
.251 

• *67 ' - 
15H*89a 

.271 

53. 4^2 ■ — 
*793 
92.Too v- 
*257 
130*146 

• <•5 7 
40**92 

• 257 

inti'tz* 

*261 . 
84.050 S 
232*361 
254 . 1»1 
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APPENDIX B 


STEADY -STATE DATA 


Summaries of test data compiled and printed at NASA/WSTF are presented 
in this appendix. Data are presented for the 9-10 second slice on each 
test and for multiple times on tests 0 fw35-second duration. 



** OMS CNQlHt TECHNOLOGY 
SUPPORT PRflOR.iM 

WCKtlOVMe INTEaHfttgO HA«oWARE TEST a 

U^TC ,>7 MAR 4 
**feRlf,S Ro/JhT»i 
T£$T DESCRIPTION 
PLWORMftHCE SURVEY OF «0 iNTEOfUTtO HARDWARE PRIOR TO CHUG 

TL , • baseline wet ore glc puksqtn© tests. 9 ro j nozzle* 

AO tits FUEL* To DEG OXlOlZe*. Ta«OKT PCNS ■ ]?S.» MR . j.as. 


nr«oe:*ic« t 


tlst 1 


ACTUAL DURATION 1 0 , 0 fl 7 SCC 

DATA SLICE TIME '9*000 SEC To 10,000 $£C 


PARAMETER 

Tank PRESSURE, 

G* I O'! ZEN TANK PRESSURE 

furc iNTERf ace pressure 
0 *! 0 J 2 C« INTERFACE PRESSURE 
l/C COOLANT iNLEt MAN* PRESSURE 

FUEL mar? tor pressure 

0^|UI/EH INJEctOR PRESSURE 
CHAMBER' PRESSURE NO, 1 
CHaMNER PRESSURE NO, <f 

**ial thrust, system a 

axial THRUST* SYSTEM B 
y»axis TWrtiST 
/-AXIS THRUST 

AVtRAUr CELL PRESSURE 

Ctu PRESSURE AGREEMENT 

full fufamtt 

oM&kzek flowrate 

P*€t HTfERfACE ffMRERAf URrt 

QAIDUER INTERFACE TEMPERATURE 

t/c coolant in temperature 
t/c coolant out temperature 

INJECTOR SURFACE TEMPERATURE 

r/c surface temp -is in 
t/c SUfcfAtf tEMp -13 f N 
T/C SURFACE TEMP -10 IN 
T/C SURFACE TEMP - A IN 
T/C SURFACE TEMP - 6 IN 

t/c surface temp - 4 in 

T/C SURFACE TEMP - Z IN 
t/c SURfAtt ft*# ^OinrtN 
T/C SURFACE TEMP ♦ 3 IN 
COOLANT IN MANIfOLO $KlN 

mutt flange top Temper a turf 
nozzle surface Tif# ♦ a*o in 

NO lt\i SURFACE fiwP ♦ 9,0 In 


UmITS 


PS t A 
PSIA 
PSlA 
PSlA 
PSM 
PST A 
PStA 
PSlA 
PS I A 
CRP 
LBF 
LBF 
LBF 
PS1A 
% 

OpM 

OPM 

or® p 

DE® F 
DE O F 
OEG F 
DEO F 
DC® F 
OfO F 
DfcO F 
BE® F 
PC ® F 
or® r 
or:® f 

nirft r 

or® f 

DEO F 

oe o f 
W 5 r 
DfU F 


A VO, ME A -SUREf) VALUE 


/M *401 
230* FI 9 


P 30,56ft 
514*605 
227,199 


206,431 
194,909 
137,813 
13», 512 
332$ *7*5 
5340,457 
• 28 , 5*7 
22,7tl 

• 075 

♦ 7 T i 
65*869 
61,7ft# 
41 ,363 
74*628 
45,980 

1T3.3T4 
74,2*3 
173*939 
186 * 4*3 
190,732 
14ft, *87 

170.611 

129,422 

134,586 

115*676 

55,086 

53*720 
891 ,289 
U«7,60S 





6 K OMS TECHNOLOGY 

ROCKETOVNr INTEGRATED HARDWARE T*St.S 

tf*rr ?-T MAR 4 

Sf.^us RO/IHT -1 SEQUENCE T TEST i 

PfcPfQRMANrE uaT* 


P*RA Htl£« 


PC, INJECTOR END 
PC, NOi*LE STAGNATION 
A* ML THRUST* SI Tt 
AXIAL THRUST# VACUUM 
Wi/Lfc EX it PRESSURE 
FtiCl DENSITY CHfCHf 
OXIDIZER DENSITY 
fuel FLOWRATE 
OAJOUtH FLOWfUTt 
TOTAL RR OPILLAMT flowrate 
MIXTURE ratio (OVERALL) 
sue FLOWRATE 
HLC TOTAL PERCENT 
CURL MIXTURE RATIO 
FU*t INJECTOR OElTAi-P 
OXTDi/fR INJECTOR OELTA-P 

t/c coolant oelta-p 
t/c COOLANT OtctA^t 
THRUST CHAN8CM Hfc a t FLUX 
C-StAM* SITE 
C-STAR# UmR 
C-STAK EFFICIENCY 
f># site 

CP St TT VaCUUm 

cf# VAC T2 EXPECT 
CF CORRAL At TON 
C.f, VAC t? 
lip, TEST j 

i ip# site vacuum 

tip* vac T 2 predicted 

ISF* TOK. TEST CONDITIONS 

Tip EFFICIENCY 

ENERGY RELEASE EFFICIENCY 

C~$T AR* OtlE 
ISP, ODE « TEST 


INITS 

CALCULATED V 

■*«* «►*»«» 


PS J A 

13S* I 63 

PSlA 

l31.?S$ 

LmF 

$333,1*1 

t«r 

$351.^62 

PSIA 

• OSS 

UA/FT3i 

SS.532 

LO/FTJ 


LB/SFC 

a.iio 

LR/SfC 

13.37* 

lh/sec 

20.S22 

O/F 

1 • S I M 

L^/SFC 

, /> i o 

% 


O/F 


PS to 


P$lO 

S6.74G 

PS ID 


or« f 

i?niD4 

bTU/sec 

742.33* 

FT/SEC 

S4S4.247 

FT /SEC 

549T.60T 

% 

9S.TSU 

mhmrnmm 

I.S-J3 


1.5-W 


i #si« 


VO 1.340 


I,T9a 

SEC 

259,877 

sec 

2&0.7&1 

sec 


SEC 

*73,975 

% 

7».iZl 

•k 

V$.j?05 

FT/SEC 


SfcC 

133,779 


REPRODUCIBILITY OF THE 
ORIGINAL PAGE IS POOR 



6* OHS ENGINE. TECHNOLOGY 
SUPPORT PROGRAM 

ROcKEToVNf INTEGHATFl) HARDWARE TESTS 

OA'TF ',1 HAP * 

SERIES SfUUEMCt 7 TEST Z 

TEST DESCRIPTION 

performance Survey or Rd integrated hardware prior to chug 
tests, baseline before etc plugging tests. 9 to | nozzle* 

A» DEG FUEL * To «t« OftlOlZtR* TaHOET PCNS "US.. MR * j .65. 

ACTUAL TEST DURATION lO.Olfl SEo 

DATA SLICE TIME 9,880 SEC TO 18*000 SfC 


PARAMETER 


I U£l TANK PRESSURE 

o*iorZER Tank pressure 

FUEL INTERFACE PRESSURE 

OXIDIZER INTERFACE PRESSURE 
T/C COOLANT INLEt KAN. pressure 
FUEL IN Jff "TUB PRESSURE 

oxidizer injector Pressure 
chamber pressure no. \ 

CHAMBER pressure NO. i 

A*JAl. thrust. SYSTEM a 
AXIAL THRUST, SYSTEM B 
r-Alt 15“ THRUST 

/•axis Thrust 
AVERAGE CELL PRESSURE 
CLU PRESSURE AGREEMENT 

fuel flour a T t 

OXIDIZER FLOWRxTt 
FUEL INTERFACE ttWER A TURF. 
OXIDIZER INTERFACE TEMPERATURE 
T/C COOLANT IN TEMPERATURE 
t/c coolant out Temperature 

INJECTOR SURFACE tCRPERATURE 
I/C SURFACE TUmP -|6 IN 
T/C SURFACE TEMP -13 IN 

r/c surface temp -io in 

T/c SURFACE TfcHP . 8 IN 

r/c surface temp - in 
T/C SURFACE TEMP - A IN 
T/c SURFACE rEMP - 2 IN 
T/C SURFACE Tf*P -O.VtN 
T/C SURFACE TEMP ♦ 3 IN 
COOLANT IN MaNIFOLO SKIN 
NOZ/LE FLANGE TOP TEMPERATURE 
hoz/ll Surface tl«p « «,« in 

NO/Zt t SURFACE TLmP ♦ 9,0 In 


UNITS 

A VO, HMSURFO VAtUf 

mi A 

226.199 

PM* 

£Z5*ft29 

PS! A 

214.921 

PSlA 

£08*502 

PSXA 

207.263 

P$ tA 

k, 189024 

mi a 

ifta.au 

PSIA 

132,724 

PSU 

131. All 

U*F 

5i:i%!s8i 

L*r 

*5*38*631 

L nr 

~Z7 , $?8 

L«F 

21 .3«2 

PSIA 

.677 

% 

*671 

CflPH 

60.066 

UPM 

61*624 

OfG F 

41,617 

D£-0 f 

74 *34 J 

0£G F 

49.088 

D£G F 

107,497 

oeo r 

ie*.34o 

O£0 F 

188.751 

of© r 

191.499 

DC© F 

197.597 

016 F 

JS4.?4S 

01 G F 

176* £8© 

or© f 

140,75* 

DC© F 

*33*964 

DC© F 

140*163 

or© f 

121*766 

DC© F 

61. fit* 9 

or© f 

61*39% 

OF© F 

,J 5 1 6 * 464 

01© F 

1226,606 





am engine technology 

SUPPORT PROGRAM 

ROCKET DVNC INTCGRaTeO NA^O^AHC TfcSTS 

OATt *7 MAH 4 

SERIES SffGUEMCE 7 TEST a 

P£WOft*ANC£ DATA 


PARAMETER 

PC* INJECTOR tW 

PC. N0*2l£ STAGNATION 

AA1AL THRUST ♦ SITE 

A A t At THRUST * VftCUOtf 

NOmt EXIT PRESSURE 

FUEL DENSITY WW) 

OMtUfcR DENSITY 

FUEL FLOWRATE 

OMOIifcH FLOWHAU 

TOTAL PROPELLANT FLOWRATE 

MIXTURE RaTIO IOVERaLL) 

BUG FLOWRATE 

bLC TOTAL PERCENT 

CORE MIXTURE RATIO 

Fuci injector delTa-p 

0*1 OUt« INJECTOR OELTA-P 
T/C COOLANT OELt^-P 
T/C COOLANT BO.f**T 
?HRUST CWaRBLR HEaT FLUX 
C*5ti»#"STTt 
C*$TAK* UmR 
C-StAH EFFICIENCY 

CF « SITE 

C f Sttt VACUUM 

cf, VAC 7a? expect 
CF CORRELATION 
C? f VAC 72 

i'5'P't test 

|Sp* &jf£ VACUUM 

t$P* VAC 72 PRtOlCTtO 

1*P* TDK* TEST CONDITIONS 

l $P EFFICIENCY 

ENERGY RELEASE EFFICIENCY 

C-STaR, oof 

{b-p* Ot>Lf TEST 


UNIT:. 

CALCULATED VALUE 



PSlA 

133.1*7 

PSIA 

126.999 

LbF 

$1*3*104 

LDF 

51*1. S»» 

PSlA 

*007 

u/m 

55.52* 

LD/FT3 

sv.a T a 

Ltvsec 

7**31 

lh/sfc 

R#3*0 

LB/SEC 

l‘»,770 

O/F 

1*601 

LH'/SEC 

.557 

% 

2*fU$ 

O/F 

1*795 

p$IO 

56.157 

PS IB 

55*1*6 

P$IO 

17*939 

DC o r 

139.41*0 

BTU/SCC 

739*360 

rt/SFC 

5456*RN,j 

FT/Sf.C 

SSI 4*7$$ 

% 

99*5*7 


l*$3* 

'iii«Mi 

1.539 


1.526 

****•» 

100,901 

*«»«»**» 

1*800 

sk.c 

260*14* 

SEC 

iffcl.O?’ 

src 

307.207 

SEC 

2T6»2*V 

% 

TT,l97 

$ 

VS*5$3 

FT /SEC 

57U.3U 

SEC 

138*197 





is*- qms engine technology 
SUPPORT PROGRAM 

ROCKETuYNfc INtCuUftfeD HARo*ARE TEST* 

OAT? ?T MAR 4 

series H))/iht*i sequence t te^t \ 

TEST iHWcMlPUON 

PERFORMANCE SURVEY OF «0 iNTfCiRATlO HA«OW>v«E PRIOR TO CHUG 
TilsTSt HAS IEUME BEFORE ©EC PLU00?«<» TESTS# 0 TO i HQUl¥* 

41} OEG Tuetf 7 .;> DEG OXIDUER. TARGET PCRS « 1 oo* v MR * 1*65* 

ACTUAL rest OORAIION 10*007 SEC 


OATA SLICE TIME 9*000 SEC to 


PfcRAnt TER 


fuu tank pressure 

OMCUER TANK PRESSURE 

full interface pressure 
Q*ivin* INTERFACE PM&SUHt 

r/C COOLANT INLET HAN* PRESSURE 
FULL INJECTOR PRESSURE 
oxioUER iNJtcTOM PRESSURE 
CHAMBER PRESSURE HO* 1 
CHAMBER pressure no. z 

ax tal Thrust * system a 

AXIAL fWRUST ♦ SYSTEM H 

Y-axis Thrust 
/.-axis Thrust 
average " cell pressure 
cell pressure agreement 
F un PlOmRATE 
OXCOUER FLOVRaTE 
run t*tti$rAce tchperature 
GX|U!2tR INTERFACE TEMPERATURE 
T/C COOLANT IN TEMPERATURE 
T/C COOLANT OUT TEMPERATURE 
INJECTOR SURFACE TiMPtRAtURE 
r/c surface temp *i6 in 

T/if SURFACE tt&P *13 IN 
T/C SURFACE TE>P -la IN 
T/C SURFACE TEMP *6 IN 
T/C SURFACE fEMP - 6 IN 
T/C SURFACE tCNP - A IN 
T/C SURFACE TEMP - * IN 
T/C SURFACE TEMP *0*3 IN 
f/C SURFACE TEMP * $ IN 
COOLANT IN 'HAHIPOLO SKIN 

maul f i Amt top temperature 
mizix surface temp ♦ t*o |n 

NOZ/Lfc SURFACE TLhP ♦ 0*0 t H 


10*000 sec 


Units 

A VO* MEASURED VALUE 

RSIA 

161*679 

PsjA 

161*024 

PS I A 

154*169 

PS I A 

191*305 

PSI* 

15i*?89 

F$IA 

145*606 

PS I A 

136*324 

PS I A 

104*005 

P$X A 

104*9^6 

L«F 

4319*686 

L*F 

402**3*4 

UW 

-26* 046 

L-.;tF 

14.2*7 

PSIA 

♦ 064 

% 

• 5#4 

o»w 

47*350 

OpM 

46*878 

0£« F 

41*617 

OF© F 

74*?©© 

DEO F 

, 49, S3! 

UFO F 

196*397 

UfG F 

1X7*443 

OfO F 

203*107 

OFO f 

204 *467 

©€« F 

222*726 

0£O F 

157*626 

oro f 

163*179 

OEO F 

206*760 

DEO f 

1 3B*747 

DF6 F 

143,475 

DEO' F 

121*830 

OfcO F 

60*766 

UFO f 

53*230 

ur« f 

970*955 

oco r 

1203,239 


BEBRCffiUClBILIW §p fHE 
ORIGINAL. PAGE IS POOR 



CMTr 71 MAR 4 


6K OMK £*™;lNf; TECHNOLOGY 

support program 

ROCKEToYNE INTEGRATED HARDWARE TESTS 


PARAMETER 

•••**< MNI« 

pl. injector two 

PCS NOtZtf STAGNATION 
A*UL THRUST t SITE 

a*ul Thrust « vacuum 

NOiULfc EXIT PRESSURE 
fV£l DENSITY {WHH) 
OXIOUEW DENSITY 
fuel flowrate 
U* lOUEH FLO««aTE 
TOTAL PROPELLANT FLOWRATE 
MIXTURE RATIO (OVERALL > 
HLC FLOWRATE 

etc total percent 

CURE MIXTURE RATIO 

fuel injector qElTa-p 

OXiOUER injector oelta-p 

T/C COOUNT OELTa-R 

T/t tOOLANt OELt X*t 

THRUST CHANGER heat flux 

C*$TaR> SITE 

C-StARt (|mR 

C-STAR EFFICIENCY 

C‘F ♦ SITE 

CT STlt VACUUM 

C? t VAC 7a EXPECT 

CF CORRELATION 

e>\ vac 72 

ISP. TfST 

ISP# SITE VACUUM 

ISpY VAt T2 PREOTCTEO 

|Sp* T0K* TEST CONOrriONS 

IS'P tf FlgltNCY 

£«fe*9¥ «|l£a %t Iff I C I ENC Y 

t«sT aR f OOE 

ISP* ODE# TEST 


sequence 7 


TEST 3 


PERFORMANCE data 


UNITS 

CAtCUCATEO V. 

•* «■**•** 

PS I A 

104. 4<*1 

PSlA 

99.?57 

t#F 

*02**0 OS 

L«F 

4037.424 

PSU 

.<>74 

L«/ft3 

55.624 

LU/TT3 

89.659 

Lft/SEC 

5.85B 

L6/SEC 

9* ra* 

LB/ SEC 

V5.643 

O/F 

1.671 

L0/SEC 

.439 

% 

2*805 

0/F 

1 .80ii 

*»slo . 

41,125 

PSIO 

31.343 

PSIO 

StSGJ 

tm 5 f 

1411,066 

RTU/SEC 

fj? J*4SS 

ft me 

S410.g66 

FT/SEC 

$470.2*9 

.fc 

94*738 

•»«»■***«* 

I.S29 


1.535 


1.526 


100,569 


1.794 

StC 

2*7,108 

SEC 

258.693 

5CC 

103*719 

SEC 

<’75,694 

% 

TG.pSg 

% 

94.961 

FT /SEC 

.5711,412 

SEC 

338.476 



6* OMS £NQtag TtCMNOtOOt 
SUPPORT PROGRAM 

ROCKETDYNC tNTEoR^TrO KA«0*AR£ tests 

OATH i>7 MAR 4 

stRies Ho/iHT-i sequence ? test * 

Ttst DESCRIPTION 

PERFORMANCE SURVEY OP &D jNTf OR^TCO HARDWARE PRIOR TO CHUG 

resUf raseline before blc plugging tests • 9 ro i nozzle* 

AV Mfc ?U£L* To i€<* OXIDIZER. TARGET PCN$ • loOf* HR * l* 45* 
ACTUAL rest DURATION 10 *GOM SEC 

data sc ice tine s.ooo sec to io.ooo %zt 


Paha ne T er 

fuel tank pressure 
0*10 I/E* TANK PRCSSURE 
FUEL INTERFACE PRESSURE 
OXxOUeR INTERFACE PRESSURE 
T/C COOLANT lN4.it MAN* PRESSURE 
FUEL TNJeeToP pMssimt 
0*10lZ|$ INJECTOR PRESSURE 
CHAMBER PRESSURE NO* 1 
CRAMMER PRESSURE NO. c 
AXIAL THRUST* SYSTEM A 

axial Thrust • system » 

V»AXtS tRRUST 
Z*AMS THRUST 
AVERAGE CELL PRESSURE 

CtU PRESSURE AGREEMENT 
FUEL PLOHRATE 
()X|t>IZER FLOWRATE 
fuel INTERFACE 

OXIDIZER INTiRfACE TEMPERATURE 
T/C COOLANT IN TtwPERATURe 
f/C COOLANT out temperature 
INJECTOR SURFACE TEMPERATURE 

t/c Surface Temp -h in 
t/c stmPAce temp «u in 
t/c surface temp -la in 
T/C SURFACE TEMP - js IN 
tZc SURFACE TEMP - t IN 
T/C SURFACE TEMP * A IN 
T/C SURFACE TEMP - 2 IN 
T/C SURF ACE Temp * S In 

T/C SURFACE TEMP- ♦ 3 IN 
coolant |N MAN I POLO SKIN 

nuzzle flange top Tempera turf 
nuzzle surf ace Te«p ♦ p*o r* 

M)Z/tE SURFACE TEmP ♦ 9.0 { H 


UNITS 

AUG. MEASURED VA< 


i 

1 

i 

« 

« 

» 

i 

i 

t 

I 

V 

PS! A 

!73*5T* 

PS|A 


PS I A 

164.366 

PSlA 

146.£T6 

PSIA 

160.107 

P5T* 

154.149 

PSIA 

132*832 

PSJA 

104.369 

PSlA 

jtos.rio 

twr 

4019.704 

LWF 

4036. 9GI 

LftP 

-79.86Z 

LRF 

13.649 

PSIA 

• 067 

% 

*560 

GpM 

51.601 

OPH 

40.561 

oe© r 

41.617 

DtO F 

74* £03 

DtlG F 

46.794 

DEO F 

184.862 

OFO F 

122.637 

oeo f 

189.220 

atu f 

199.803 

PfO f 


deg r 

148.75/ 

0£0 r 

171.093 

OfU F 

£00.817 

aro r 

128.580 

0EO f 

133*375 

t>t:o r 

1 12.552- 

(>(■0 r 

63.390 

OCO f 

S9.a60 

ot:6 r 

1025.4*2- 

ot o r 

1Z15.543 


J '' ./ 



0*TE . if 7 RAN 4 
SUSIES W(VlHt*j 


6K ENGINE TECHNOLOGY 
SUPPORT PROGRAM 

^OCKLTDYNf. INTEGRA t&0 HARDWARE T^StS 

SEQUENCE T TEST 4 


FEW rORN aNCE D A T a 


PARAMETER 

FC f INJECTOR end 
fc* mtziz STAGNATION 
**IAL THRUST • SITE 

aajal Thrust, vacuum 

NOZZLE EXIT WieSMME 
ryrL HENS ITT IMMH) 
OXIDIZER DENSITY 

fuel flowrate 

OXIOUER FLOwRaTE 
TOTAL PHOPtLLAHt FLOWRATE 
MiKTUWL. RATIO (OVERALL) 
HLC FLOWRATE 
bit TOTAL PERCENT 

core mixture ratio 
fuel injector delta*? 
•oxtoi it# tnarxrm oelta-f 

TVC COOLANT OElTa~P" 

T/'C COOLANT OttTA-T 
thrust charter HE At FLUX 
C-SfAR, SITE 
C^StARf C/RR 
c-star EFFICIENCY 
CF/ SITE 

eg sm vacuum 
CF f VAC 7£ EXPECT 
cf cornel at Ton " 

CF* VAC 7^' 

rsp, tf $t 

l Spf SITE VACUUM 

T*P* Y*€ ^“FREOlCTEO 

ISR f TURf TEST CONDITIONS 

I5f EFFICIENCY 

ENERGY RELEASE EFFICIENCY 

C*5UR, 00t ‘ 

!S»Pt OOL* TEST 


un I rs 

CALCULATED vau 

* .**«*»» 

■»* •• «*«*<■* Ah, < 

PS I A 

105*639 

PSlA 

99,?88 

lf*f 

4r»£S,3*2 

l«f 

4*144,48? 

RSIA 

,o77 

U/FT3 

55.52* 

LR/F T3 

89,863 

Ltt/SEC 

6*408 

LR/SEC 

9.322 

LR/SEC 

is.no 

0/F 

i *45$ 

L^/SFC 

,480 

% 

3*0*1 

0/F 

1.673 

PS ID 

40.J10 

PSIO 

2 7. 712 

P$IO 

5*7$/ 

OfG F 

138.088 

BfU/SEC 


FT/Src 

5409,681 

Fr/SFC 

5645,1495 

% 

95.Z20 

*«*•»* 

l.$*3 

**«•»*«» «r 

1*529 


_ 1.514 


100,978 


1,787 

See 

^56,08/ 

SEC 

?57.ji;> 

5CC 

302.41* 

sec 

272.375 

% 

77.5** 

% 

«S. 751 

rf/src 

5681*228 

sec 

331,5/0 


/■/ 



6 * OHS ENGINE TECHNOLOGY 
SUPPORT PROGRAM 
ROCKfclDVNf; 1 nT£0«aTfD HAHflYAKfc tfcSTS 

DATE pi MAR 4 

StHifcS hu/IHT-j r test 

T|sr DESCRIPTION 

PUtf ORM'AHCe SURVEY Of Ho IRTE&HaTED haH0W4R£ PRIOR 'TO QhW 

Tfcsts, RAsetine before bic plugging tests* 9 to * wr/str ♦ 

40 010 FUEL* 7q i/tt OXIDIZER* TaHOFT **CN$ * }^* « MR-* | ? 4S* 

ACTUAL If’ST UURAU.O.M H*(»00 SEC 

UATA SLICE TIME 9*000 S£C TO 10.000 SEC 


PARAHtTCR 

•*■»»••«* ' " v 

fuel tank pressure 

OXJDJilN TANK PRESSURE 
FUEL INteRFACE PRESSURE 
OXIDIZER interface PRESSURE, 

T/C COOLANT inlet nan. pressure 
FUEL INJECTOR PRESSURE 
OXIDIZER INJECTOR PRESSURE 

CHAMBER pressure NO. 1 
CHaHBEP PRESSURE NO. t 
A* I At THRUST. SYSTEM a 

axial Thrust, system b 

Y-AXIS THRUST 

z-a*is Thrust 
avepare cell pressure 
cell PRESSURE AGREEMENT 
FUEL FlObRATE 
OMUUEH flopRaTE 

FUEL TnTcrFatX temperature 
OXIDIZER interface tempera tore 
T/C coolant in temperature 
t/c coolant our temperature 
INJECTOR surface temperature 
T/ c SURFACE TEMP -H in 
f/C SURFACE tcwp -T3 IN 
T/c SURFACE TEMP -10 IN 
T/c SURFACE TEMP - « IN 
T/C SURFACE Temp - a in 
T/c SURFACE temp - 4 IN 
t/c surface temp - t in 

T/C SURFACE TEwP- 0.3 IN ■ 

T/C SURFACE TEMP ♦ 3 IN 
COOLANT IN HmHIFULO SKIN 

nozzle flange top temperature 
nozzle Surface temp ♦ p.o in 
mozzlE surface TEmP * v.o IN 


UN ITS 

AVCj* HEaSUHED VA‘ 

PS l a 

?33*«76 

PSlA 

2 1 $ * 332 

PS I A 

220 * 899 

PSIA 

195.360 

PSl A 

212*297 

PSl> 

* 

194*266 

PSlA 

177*662 

PS I A 

i3u 633 

P$lA 

131 *3 Vi 

L®r 


5002*42* 



*024*076 

IW 


-30.368 

LBF 


20.363 

PSU 

.072 

% 


.67* 

gph 


63.7SJ 

6PM 


*7.619 

D£G 

r 

*1*762 

ago 

r 

74.5*3 

om 


49.497 

oco 

p 

179.740 

0£G 

F 

j 23*226 

ofo 

F 

161.969 

DEG 

f 

173. $26 

LEG 

F 

196.232 

LEG 

F 

141.16$ 

DfG 

F 

162*632 

oe® 

F 

| 93*6»3 

ot® 

F 

123*490 

nr® 

F 

128.279 

oeg 

F 

108.1O2 

deg 

F 

66*110 

DC® 

k 

S6**SJ 

DEG 

If 

991.416 

LEG 

r 

1230.619 



*r. oh* engine technology 
ROCKtTOYNe ?NTE(S«ATEO HARDWARE TC$fS 

oat r g? N*R A 

si;«it:b ro/iht-{ sequence 7 test * 


PARAMETER 

■*i — «M» «» m 

PC. INJECTOR end 
PC, NOZZLE STAGNATION 
A*UL THRUST. SITE 
A*jAL THRUST 9 VACUUM 

NUZZLE exit pressure 

fuel dtNSitr own) 

ox I OUCH DENSITY 

FUEL FLOWRATE 

OXIOUEH flowrate 

total ^ 0 #EU an t FLOWRATE 

MIXTURE RATIO (OVERALL > 

etc flowrate 
hlc Total percent 
CORE NtXTURE RATIO 
FULL INJECTOR o!LTA-P 
OXiOtZER INJECTOR OELtA-P 
T/C COOLANT OELTA-R 
T/C COOLANT OEtt A-T 

thrust chamber heat flux 
c*staf?« site 

C*STaR* UmR 
C-STaR EFFICIENCY 
CF* SITE 

c? StTt YaCUUK 

CF, VAC Ti EXPECT 

Cf CORRELATION 

cTf VAC 72 

ISP* TfST 

ispf Site vacuum 

t*P T VRC-Tg FREUICT EO 

rsp f TUK # TEST CONDITIONS 

isf eFricieNcr 

energy Release efficiency 

C-SYaR# oOE 
ISRt OOE* TEST 


REP HODUCIBILITY OP TH 
ORIGINAL . PAGE IS POOR 


performance yA T a 

UNITS 

*W««M 

PS I X 
PSU 
L Rf 
tHF 
PSIA 

LH/FT 3 

LR/FT3 

u>/sec 

LB/SEC 

LR/Src 

o/r 

LK/5EC 

% 

o/r 

pr>iu 

PSlO 
p$iu 
DfO F 
t*TU/$EC 
FT/SEC 
FT/ SE C 



set 

src 


w 


fjr/sec 

5 £C 



CALCULATED VALUE 

•» a»«M» «■ 

131.4*1 

124.916 

*5r>30#S31 
*(>HZ 
55. $21 
8V.«65 
7.88?> 
11.536 
19*423 
1.463 
*5^1 
3* 6-41 
1,^1 
•62,775 
4S.$7l 

ir .981 
1 33.743 
751.319 
54B4*ST0 
5521.723 
96 *503 
1 .$1 4 
1*519 
1*515 
100.302 
1.774 
23R.112 
?59*002 

304.420 

/72.9Z3 

78,045 

95,9*3 

- 9 * 03 # 3*9 
331,862 




«vK OMS ENfilNE TECHNOLOGY 
SUPPORT PROGRAM 
WOCKKToYniv INTC'SRAtF.'O HARDWARE. TESTS 

DATE ?7 MAR 4 

StRlfcS MO/JHT-1 SfOUENCE 7 TEST a 

TEST DESCRIPTION 

performance survey or «o integrated hardware prior to chug 
tests, BASEL I me BEFORE BLC PLUGGING TESTS. 9 TO I NOZ/LF ♦ 

AO i;to fuel, to ufeo oxidizer. tARagt pcns ■ jes,, m • i.as. 


ACTUAL TEST JURA I ION 1 « • 0 1 0 

DATA SLICE TIME 9.000 SEC to 


PARAMETER 

fuel Tank pressure 

OMOIiEH TANK PRESSURE 

fuel INTERFACE pressure 

D*TB 1 2ER INTERFACE PRESSURE 

i/c coolant inleT" man. Pressure: 

FOR INJECTOR VRESSUR# 

OXIDIZER INJECTOR PRESSURE 

CH amber pressure NO. v 

CHAMBER PRESSURE NO, 2 
AXIAL THRUST. SYSTEM A 
S*IAL THRUST, SYSTEM H 
Y-AXIS THRUST 

/-axis Thrust 
average cell pressure 
ctu pressure agreement 
fuel Flowrate 
oxioucn flowrate 
FUEL iNlERFACE TfcwPERsTURE 
OXIOIZER INTERFACE TEMPERATURE 
T/C COOLANT IN TEMPERATURE 

t/c coolant out Tempera Tore 
injector surf ace Temperature 
T/c SURFACE TEMP -io IN 
t/c surface Temp -ts in 

T/C SURFACE TEMP -lo IN 
T/C SURFACE TEMP - B IN 

i/c surface Temp - a in 

T/C SURFACE TEMP - A IN 
T/C SURFACE TEMP - 2 IN 
T/c SURFACE TEMP -0.3 In 
t/C SURFACE TEMP ♦ 3 IN 
COOLANT IN MANIFOLD SPIN 
NOZZLE FLANGE TOP TEMPERATURE 
NOZZLE SURFACE TEMP * A.O {N 
nozzle surface tCmP ♦ v.o In 


SEC 


to. 000 s 

to 

units 

A VO* MtASUHEO VALUf; 

PSIA 

297,436 

mu 

£26,629 

m u 

197*503 

PStA 

H09*.9'6^ 

mu 

192*311 

PS1 A 

180,2*0 

^SlA 

1 85*965 

FSIA 

130*543 

f*SU 

130.971 

Uif 

5008*779 

u*7 

5024 *076 

t W 

*•3?* $46 

LB>* 

19*350 

P $U 

• oea 

% 

.$67 


555*074 

gpm 

62,721 

dfb t 

Ai.fiir 

oc<? * 

•74*543 

ot x* f 

46*2tS 

or.o f 

m*s£H 

oe^ r 

I 28,986 

0£O F 

206*036 

or ® r 

iV6.2»6 

DC© F 

217*707 

oi:o r 

168,793 

oc© r 

1«1,4BB 

DC 6 P- 

?20,969 

oeG r 

166*675 

r 

143,191 

ora r 

121,697 

«# r 

66*421 

OfO K 

58,349 

or© r 

U 37 .*02 

o fi O r 

1368,877 


i 



m ohs engine technology 

SU0PONT PROGRaH 

HOCKETDYNe W1tQ*kiiD MAHp*A«E TtSTS 

DATE ?7 MAH 4 

St# I £ Si >WIHT- | Sf OUt * iCE 7 TEST ^ 


PAHAMKTCiR 

PL, INJECTOR £nO 
PC, NOZZLE ST DONATION 

a*ial thrust, site 
a*tal thrust, vacuum 
NOZ/L f. EXIT PRESSURE 
FUEL DENSITY IMHH) 
0*10UE» DENSITY 
F'JFt FtOUHaTe 
OAIDJZLH FLO«K«Tt 
TOTAL PROPELLANT f LOVRATE 
HUTURE RATIO < OVERALL) 
etc FLOWBStE 
BLC TOTAL PERCENT 
CORE MIXTURE RATIO 
foe l injector oelTa-p 
OXIDIZE* INJECTOR OELtA-P 

TFC code ant OELTa-P 

r/c COOLANT OCLTA-T 
THRUST CHAMBER HEaT FLUX 
C-STAR, SITt 

c-sTar* um« 

C-sTaR efficiency 
cF, slT£ 

cPstff vacuum 

CF. VAC Tz EXPECT 

CF CORRELATION 

CF, VAC Tg 

i$P» Tf ST 

lip, SITE VACUUM 

Tip* VAC ft PREDICTED 

iSp, TOR, TEST CONDITIONS 

tip EFFICIENCY 

ENERGY RELEASE EFFICIENCY 

cost an, doc 

ISP, ODE, TEST 


PERFORMANCE DATA 

UNIT « 

P$U 

PSU 

wr 

LMf 

HSI4 

LH/fi3 

L«/FT3 

ue/stc 

Ui/Stc 

LH/SZC 

o/r 

.Cs$/5CC 

% 

0 ft 
P$li> 

PS ID 
P$U> 

DtO P 
aru/scc 
rf/src 
fr/scc 

1 


****** «*<* 

$€C 

SEC 

SEC 

SEC 

% 

% 

rt/stc 

sec 


calculated value 

130*757 
12 4.31* 
Sol*. 427 
5035*750 
*6vo 
55*524 
89 * ft 7 3 
6*513 
12.S&9 
19*372 
1.543 
.51 0 
5.634 
1.993 
49.443 
55.228 

i<Mn 

15S.283 

756*436 

5468.194 

95.968 
1.S24 
1*529 
l .538 
99.606 
1*769 
358.94V 
f? 59,947 
305.853 

377.526 

75,904 

94.745 

5697.924 

342.468 


jf-zX-' 



fc* om$ engine tsohhology 

support program 

rockltoynf intcgRatco harowarc Tests 

o*rr 7i mn 4 

St^If.S Ao/IHNi $£OU£nC£ r ttsr / 

Tt$r DESCRIPTION 

pfc«F©RRji«cc suhvly or rd intc orateo hardware prior to chug 
ttstjs. OAStutvc m&fore etc Piumim tests* > to i hgulz* 

4v GEO *;U£L* To *>EG O^IOItEfU T/vRGfcT PQHS m jaS*» * i*6S* 


ACTUAL TEST DURATION 30*50* SEC 

DATA SLICE TIME 9*00$ SEC TO 10.000 SfC 


parameter 


ruei tank pressure 
o*mut* tank pressure 
PULL interfaci. pressure 
OMUU t* interface PRESSURE 
i/C COOLANT iNCEt HAN* pressure 
fuel tr^fctor pressure 

0*!0!2|£ INJECTOR PRESSURE 

chamber pressure no* i 
CHAMBER PRESSURE NO* Z 
A*tAt thrust * system a 
AM AL THRUST* SYSTEM fc 

y*axt s thrust 

£-AMS THRUST 
AYERAOfc CELL PRESSUR t 
CELL PRESSURE AGREEMENT 

fuel n$vmi& 

oMOl/FR FLOWRATE 

FUEL tFrT£RrACE TEMPERATURE 

OXIDIZE* INTERFACE tEH^t»*TUHE 

r/c coot ant in temperature 

T/C coolant out UMOtWATURE 
iNjtcroH auRfAce temperature 
t/c Surface Ten* *H In 

T/C SURFACE TttNP »T3 IN 
T/C SURFACE TEMP -1« IN 
T/C SURFACE TEW* - 8 IN 

r/c surf ace Te«p - a in 

T/C $U»f*Ct TEN* .» A IN 
r/C SURF ACE TEMP - 2 IN 

T/C *twf*ct TEW* *g,r tw 
T/C surface temp ♦ 3 in 
cqqlxnt w manifold sktn 

NO/2U FLANGE TOP TEMPERATURE 
NOZZLE SURFACE TEmP * R.O JN 
NOZZLE SURFACE tfcwP *9,0 |n 


UNITS 

avg. measures valm: 

PSlA 

225. T*1 

PSIA 

s/s. 977 

PS 1 A 

?14.n72 

PSIA 

209.J49 

PSIA 

206.000 

PSIA 

187.423 

PS I A 

187.925 

PS I A 

133.815 

PSIA 

134,385 

LBf 

5141.931 

US? ■ 

5156.961 

IBP 

-34,417 

ter 

10.073 

PStA 

,6»e 

% 

.660 

G pR 

59.741 

GPM 

62,063 

D£tf r 

41.702 

ace r 

74.843 

OM F 

45.078 

DC© F 

188.617 

0£G F 

125.725 

D£© F 

192,644 

df© f 

187.766 

DC© F 

201.P01 

0£6 r 

150.860 

U£© F 

172.100 

OF© F 

206.269 

oe© r 

138,842 

OF© F 

136,689 

OF© F 

118.069 

oe© r 

60.45ft 

OF© F 

56,338 

or© r 

1136.704 

DC© F 

1 158.516 





6K OMS %mlHt TECHNOLOGY 
SUPPORT PROGRAM 

HOCKETdYNe INTEGRATED HA«0«ARt Te5TS 

DATE 27 MAR 4 

SLRlFS #iV|MT*n SC^UKNCt 7 TEST T 

PERFORMANCE DAT A 


parameter 


RC f INJECTOR end 

pC) mutt stagnation 

A*IAL THRUST * SITE 
A*IAL thrust * VACUUM 

no £* u; exit pressure 

FVTt DrNSitT fHMH) 
OMtUZCN DENSITY 

fuel Flowrate 
oxidize* flowrate 
total propellant flowrate 

HU TUNE RATIO < OVERALL* 
RLC FLOWRATE 
HLC total percent 
core MIXTURE ratio 

TJfct. INJECTOR OElTa-F 
OXlMZt* INJECTOR OFLTA-P 
T/C COOLANT ULlTa-P 
r/C COOLANT 0£t TA*f 
THrUST CHaMHLN Ht a T flux 
C*5TaR*~$1T£ 
c-staw* umr 

c-star trrtct&icr 
c?ysitr" '. 

trF- ■srfte - v acuum — 

C*\ VAC T?" EXPECT 
C* CORRELATION 

cf , vac Id 
rsp# rtsr 
iSp# site vacuum 
i&Pt v*c pmntmf 

I&P# TOR* TEST CONDITIONS 

iSp eFFiciCNcr 

LNERO Y RCLi A St 0 f t C I &NCY 

C*sTaR* oot 

UP# oot* TEST 


UMtTS 

calculated VAl 

P?>1 A 

l 34,090 

RSU 

127*3*5 

L«F 

*3149,446 

L*F 

St *» #649 

PSU 

• 6 vo 

LR/Ff 3 

55.521 

LW/FT3 

«R*a74 

m/scc 

7 * 3*0 

LB/ SCC 

U.4*? 

us/sec 


O/F 

l v 6^ 

L^/SEC 

#5*4 

% 

£.793 

O/F 

i. ala 

PSlO 

53*333 

P$U> 

53**36 

P$IU 

19.457 

OfO F 

143# 63V 

Btu/SEC 

7-53*6*7 

FT/SCC 

548 1*556 

rir/sec 

5542*606 

w 

95 #9 7.3 

m«*«nk 

1 *6^> 


1.531 

«•*»****•* 

1*527 


100*$** 

MHM *»«»«* 

1*7*0 

SEC 

259**43 

SEC 

3*0*613 

sre 

10**904 

sec 

276.461 

'A 

Ta*9»4 


9$. 398 

rime . 

5711.633 

stc 

33* #7** 


X-/3" 



t*K 0M$ ENC'tNE TECHNOLOGY 
SUPPORT PROGRAM 


ROCKETOVNC INTEORaTFO HA«0«ARE TESTS 
DATE 'gf ’ RAW ♦ " 

SERIES RU/lHT-\ SEQUENCE ? 

TEST DESCRIPTION 
PERTOPMaNCE SURVEY or Rd INTEGRATED hardware PRIOR Tti CHUG 


9 TO l NOZZtf.* 


TESTS. BASELINE BEFORE (jLC PLUGGING TESTS. 

*« DEG FUEL* To Of* OXIDIZER. tA«GEr PCN* • 1 /S.. MM * | .GS. 
ACTUAL TEST OUHATION 3S.00S SCr 

data slice time i a.ooo sec to is. ooo see 


P AH AME T fc'R 

mmrn m mrmrnmm 

FUEL Tank PRESSURE 
OXIDIZER TANK PRESSURE 

fuel interface pressure 
oXJOIZEM INTERFACE pressure 

r/C COOLANT inlet nan. PRESSURE: 
fuel I NUfc Tor pressure 

OXIDIZER INJECTOR PRESSURE 

chamber pressure no, l 
CHAMBER pressure NO. g 
A*IAL THRUST. SYSTEM a 
AXIAL THRUST . SYSTEM B 
r»«XIS THRUS T 

z-axis Thrust 
AVERAGE CELL PRESSURE 
Call PRESSURE AGREEMENT 
FUEL FLOwRATE 
QXjOlZlH FLOWRATE 
rUEt INTERFACE TEMPERATURE 
OXIOIZEH INTERFACE temper a turf 
T/ e coolant in temperature 

T/C COOLANT OUT TEMPERATURE 
INJECTOR SURFACE TEMPERATURE 
T/C SURFACE temp -U in 
T/C SURFACE TEMP-13 IN 
f/c SURFACE temp -10 in 
T/ e SURFACE TEMP - 8 IN 
T/C SURFACE TEMP * a IN 
T/C SURFACE TEMP *» * IN 
T/C SURFACE TEMP - 2 IN 
T/C SURFACE TEMP -«frj3 I* 

T/C SURFACE TEMP ♦ J IN 
COOLANT In MSNtfOLO SKIN 
NOZZLE FLANGE TOP TEMPERATURE 

nozzle Surface temp ♦ s.e in 
nOZZlF SURFACE temp ♦ 9.0 in 


UNITS 

AV©. Kf ASUfieo VAL >F 

NPR*RP««P 

NPWARAAWRPwKINNPRPRXPRPRAOIRMPWIKA 

PSl A 

226. *99 

PSIA 


PSl* 

?14*072 

PSl A 

209*349 

PSl A 

£07. £6 3 

PSTA 

]86.1©3 

PS I A 

l«8#3l3 

PSl A 

133. (>88 

P$I A 

1 33.611 

lbf 

3148.?©/ 

LhF 

*163* ?«7 

L8F j- 

-33.405 

L0F 

18*326 

PSlA 

• 07 8 

% 

*889 

<!PW 

59.7^6 

<J PH 

62*llB 

or© r 

41.78© 

ore r 

74.843 

or© r 

45.38ft 

or© f 

>89*443 

Of© F 

iaa.o«3 

Of© f 


Of© F 

i' 89 46 3 3 

Of© f 

205.4*9 

Of© F 

151.677 

Of© f 

172.783 

or© r 

2U.2»1 

Of© F 

144.62*3 

nro r . 

l37.s?6i 

of© r 

119.431 

ot« r 

58.132 

0£© F 

55.7/7 

01© F 

1220.981 

OF© F 

1419.0U 



ohs tmtm technology 
support program 

MOCKKTOYNt lNTCG«AfFO ha**o«A*E Tf STS 

o*Tt ar? war a 

Stipes «l)/lMt-l SEOUEAlCE 7 TEST 7 

PERFORMANCE oaTa 


PARAMETER 

•m •** ** wn «M» *li 

PC. INJECTOR TWO 
PC. N022t€ STAGNATION 
a*ial THRUST » SITE 
A* I At THRUST « VACUUM 
N022U. 'EXIT PRESSOR* 
run OtNS |TY (HMH) 
OXIUUCN DENSITY 

rm rtdvRATe 

OX It? life* FLOUR* T£ 

tot At RHarettANT FLOWRATE 

Hi X TORE fUttO I OVERALL) 
Ht'C FLOWRATE 
ULC TOTAt PERCENT 
tORt MIXTURE RATIO 
FUEL INJECTOR DElTa-R 
O*l0I2t# INJECTOR OfcLTA^P 
r/C COOt A NT OLLTA-P 
T/C coot ANt DELTA -T 
THRUST CHAMBER HE A f FlUX 
C*5tAR#‘ SITE 
C-StAW* UmR . 

C-StAR EFFICIENCY 
()f, \SlTt 
cf StTt VACUUM 
CF * VAC 7? EXPECT 

cr correlation 

OF* vACta 

isp, test 

isp* site vacuum 

fSp. VAC T2 MRCUtCTCO 

ISP. Tl>K f TEST CONDITIONS 

ISP EFFICIENCY 

ENEHOV RELEASE EFFICIENCY 

C^sTAPt UDf 

|Sp. OOf f TEST 


units 

CALCULATED VAU 

PS I A 

1 33.J49 

P$IA 


LftF 

5JSS.7T/ 

L»F 

5 i 74 .620 

PSU 

*0BB 

LW/FT3 

5S.5I7 

LB/FT3 

G9.8/4 

LA/SEC 

7* T9 ? 

u»/scc 

J 2 .4 3<S 

t.A/SfC 

19.B35 

o/r 

l « 66? 

tB/ SEC 

.55* 

% 

2*793 

O/F 

1.8JH 

»SlP 

54,03* 

PSIO 

94*964 

PSlO 

19.G«0 

of 6 r 

144*?S7 

DfU/SCC 

762# 902 

Ff/SEC 

5446.496 

FT /sec 

5S07*S4S 

% 

99*391* 

■*<*«**»«» 

1.039 


1.5*1 


1.^7 


X 00.941 


I.B02 

SEC 

3S9.*34 

SEP 

?60.«84 

sec 

'Tof.eit 

sec 

/76.*50 

% 

% 

77.60* 

■v. 

ft/sec 

”3. 4 C * 

5711.633 

SEC 

338.78T 





6* QMS Engine TECHNOLOGY 

SUPPORT PPofiPjiM 

PQCK£Tt>tN£ JNTrtrHAtrO HA«OWAf?i TtSTS 

oatc ,?7 mn * 

StOUCNCfc T 

TtS? OfcSCfUPTJON 

om^Hct SUPVtY or »D lNT| 0«AftO HARDWARE P«lOR To C.HUO 

TL^T$* 0ASCL1 HZ 6£F0P£ atC PUUOOrNO TESTS* ^ To i N021U * 


ft ST f 


*0 UEG FUEL. f it u£< 5 OXIOlZFR, TARGET PCnS » 12S** 


MW 


t .6ft 


ACfUAl TEST DURATION SS.fiO* SEC 

OAfA SLICE T 1 ME 24.000 Sec To 2S,0MQ SEC 


PARAMETER 


FUEL TANK PRESSURE 

o*iout« tank pressure 
fuel INTERFACE pressure 
OK jnUEN INTERFACE PRESSURE 
T/C COOLANT inlet nan. PRESSURE 
FUEL INJECTOR PRESSURE 
OXIDIZER INJECTOR PRESSURE 
CMAMBtR pressure no, j 
CHAMBER PRESSURE no. i 
a*|al thrust, system a 
aX|AL THRUST, SYSTEM 8' 

T-AX IS THRUST 
X-AXIS THRUST 

avepaue cell pressure 
cell pressure AGREEMENT 
fuel FLOWRATE 

OXIUIXER FlOKRaTI 

fuel interp ace tempera tune 

OAIIil/EH INTERFACE TEMPERATURE 
T/C COOL ANT in TEMPERA tore 
t/c coolant out temperature 
injector surf ace Temper a Turf 

T/C SURFACE TEMP -16 IN 
T/C surface temp »ts In 

t/c surface temp -10 in 

T/c SURFACE U.HP - 8 IN 

T/c SURFACE TEMP - 6 In 

T/C SURFACE TEMP - A IN 

t/c Surface temp - g in 

t/c surface temp «o..i iw 

T/C SURFACE TEMP * i IN 
COOLANT IN MAN! FOLD $K|N 
NOZ/LE FLAN0E TOP TEMPERATURE 
NOZZLE SURFACE TEMP * fi.O jtN 

nozzle surface tfmp ♦ ».a in 


units 

A VO* HtASUPtO VAl 


i*****MI«»AMM«*M» 

PS l A 


PS jA 

225 *$03 

PSlA 

4?l*.rt72 

PS 1 A 

208*926 

PSIA 

207*263 

PStA 

188*564 

psU 

188*313 

PSH 

132*361 

PS I A 

133*236 

tar 

St29*?4S 

u*f 

5144,30* 

mr 

<•32.3*3 


13*453 

PSlA 

• 0T6 

% 

*671 

OPM 

5** 7*6 

OPM 

61*953 

nt© r 

4J*7#6 

oro r 

■ 74* $43 

oto r 

44*{tS4 

Or® F 

|A9*736 

ora f 

l3t*St2 

oc« r 

194*470 

ore r 

169, $67 

oca r 

206*692 

oca r 

151*670 

ora r 

172*341 

oca f 

?t'+*«ht 

!>ta f 

142*461 

r 

I3«*saa 

ora r 

l20*O$6 

oca r 

55*469 

oca r 

55*264 

oca r 

l?9a*io2 

oca r 

1449*737 





6K qms engine technology 

SUPPORT PROGRAM 

ROCKETDYNfc INTEGRATED HARDWARE TfStS 

DATE ?7 HAR 4 

sepias Ho/i*T~i sequence 7 test 7 


PERFORMANCE data 


rahameter 

■•****> *» • 

PC, injector end 

PC* NOZZLE STAGNATION 

AXIAL THRUST » SITE 

A* I At THRUST* VACUUM 

HQltU; EXIT PRESSURE 

rUEl DENSITY (HKHJ 

OXIDIZER ufcNSItt 

rua f tOKRATt 

OMDUER FLOWRaTE 

TOTAL PROPELLANT FLOWRATE 

MIXTURE RATIO COVERALL) 

ijLc nvwmrt 

RLC TOTAL PERCEN1 

CORE MIXTURE RATIO 

full injector oelu-p 

0*te UER INJECTOR DELTa-R 
r/C COOLANT 0 £LTa~P 
r/C COOLANT DELtA^T 
THRUST charolr hlaT flux 
C~S tA** SITE 
c-sTar* um« 

C*SfAR LmciENtT 

cF.'sne 

cE site Vacuum 

Qf t VAC 7? "EXPECT 

CE CORRELATION 

CF , VAC 12 

I-Spff TEST 

jSr, site vacuum 

t$PV VAt TZ FREOlCm) 

isp* ton, rest conditions 
tsp erricttNCY 
ENERGY release efficiency 
e~$TAR* hot 
I SR* ODE* TEST 


UN Its 

CALCULATED VAUJI 

P$H 

132,7*7 

P$IA 


L*f 

5136. rt‘j 

lpf 

SiSS«l37 

MSlA 

• Oft 7 

lb/ft 3 

55. 51* 

LB /FT 3 

H9*»7 a 

LH/SEC 

7.197 

lb/sec 

12,40S 

LR/SFC 

19. HOE 

0/F 

W*77 

m/s rc 

,04 

% 


0/F 

1 , 61 3 

Psiu 

$$,766 

PStB 

55,1,16 

p$ii> 

ift.srOO 

0£© F 

1*5.662 

0TU/SEC 

770*44? 

Ft/srx 

$432,900 

F f /SEC 

$493, 3ft? 

% 

95,1*3 


.1 .$34 


1.S4E 


l.S*7 

l ■ 

*»«*«• 

100.99$ 

»**•*«►•* 

l #$03 

SEC 

259,407 

SEC 

260.33* 

SEC 

306*393 

SEC 

276*4 I 0 


fft.ST* 

ft 

95.2*6 

FT/SFC 

5711, 5** 

SEC 

338,662 




®te» 


- // 



6K 



1M ItCHNOLOnV 

PROGRAM 


KOCKlTOVMt; INTEGRATED HARDWARE TgSTS 

DATE ?7 MAR 4 

SERIES Mo/lHT-i SEQUENCE 7 TEST t 

test description 

PERFORMANCE SURVEY OF Ro INTEGRATED HARDWARE prior to CHUG 
TESTS. BASELINE BEFORE bLC PLUSOlNO TESTS. 9 TO 1 NOZZU . 

Ml LEG FUEL * To UEO OXIDIZER, t aWGE T PCNS • las.. MW * 1 . 6 S. 


ACTUAL TEST DURATION 35.00*, SEC 

DATA SLICE TIME 34.000 SEC To 35.000 »FC 


PARAMETER 


f del tank pressure 

OAIOtZER TANK PRESSURE 
PUgL INTERFACE PRESSURE 
0*10 I Z£» INTERFACE PRESSURE 
r/C COOLANT INLET MAN. PRESSURE 
FUEL INJECTOR PRESSURE 
OAiolZER INJECTOR PRESSURE 
CHAMBER PRESSURE NO. 1 
CHAMBER PRESSURE NO. 2 

aajal thrust, system a 
AM aL thrust, SYSTEM b 
r-AXlS THRUST 
z-axjs Thrust 
average CELL PRESSURE 
cell PRESSURE AGREEMENT 
fuel florrate 
OXIDIZER flowrate 

FUEL I Ntl«P ACE TEMPERATURE 
OXIDIZER interface timPeraTuhe 
t/c coolant in temperature 

T/C COOLANT OUT TEMPERAtURe 


INJECTOR surface TEMPERATURE 
T/c SURFACE TP# -16 In 
r/C SOLACE TEMP •TH IN 
T/C SURFACE temp -10 IN 
T/C SURFACE TEMP 
t/c SURFACE temp 
T/ c SURFACE temp 
T/C SUmFaCE TEMP 
T/c SW#A« TEMP - 0 ,3 IN 


** 0 

• 6 

m 4 

~ a 


IN 

IN 

in 

IN 


T/c SWACF TF*P ♦ 3 IN 
coot ANT IN WANim.0 SKIN 
mznx fmn©c top ttHPEPAnme: 
mtzxz WKrAct tfhp ♦ in 
NO tfU SVKFACE TC-wP ♦ 9*0 In 


UNITS 4V6, 

P S it A 
PSlA 
PS I A 

ps 1a 

PSiA 
PStA 
PS I A 
PS I a 
PSlA 

lbf 
ur 
Lft f 
P5IA 
% ■ 

OPH 

OPM 

tm r 
©e© r 

OK© f 

or o r 

B£© F 
OF© F 
P£© F 
OF.© F 
OF© F 
OF© F 

or© f 
OF© F 

or© r 

OCO F 
OF© F 
6c© F 
OF© r 
QK© F 


MFA5UNKO VAt <J& 

£26*1*9 

m*ASi 

2i4*nf2 
2011*926 
207*?63 
188*9*4 
1 89* 089 
132,361 
133,234 
6141,913 
8)66,966 
-31,634 
1^*326 
*0 7© 

• ©71 
59*?4l 
62*063 
41*78© 
74*543 
43,6«3 
19(3*668 
133* at© 
l95.t>©3 
193,801 
21 0*44© 
162*376 
173*266 
?18*9«S 
157*JT2 
139,58# 
120*438 
55*299 
58*263 
1322, 9©S 
1457*452 





OK ONS ENGINE TECHNOLOGY 
SUPPORT PROGRAM 

ROCKETDYNf. INTEGRATED HARDWARE tests 

OATE 27 HAH * 

■Spies %/IHT-l SEQUENCE 7 TEST i 

PERFORMANCE OAtA 

PARAMETER ONJfS CALCULATED VALUE 


PC, INJECTOR end 
PC, Notice STabmaTIon 
AXIAL THRUST » Slit 
a*ial Thrust* vacuum 
NOZZLE EXIT PRESSURE 
FUEL DENSITY («KH» 
OAJOIEER OCNSITV 
FUEL FlOWRATt 

o*ioizt« flowrate 
TOTAL PROPELLANT FLOWRATE 
MIXTURE patio (OVERALL* 
SLC FLOWRATE " ' 

HLC TOTAL percent 
CORE MIXTURE RATIO 
fuel injector oElTa-p 

OXIDIZE* INJECTOR OELTA-P 
T/C COOLANT OELTa-P 
t/c Coolant delTa-t 
IMPOST CHAMBER HLaT flu* 
C-STab, site 
c-sTam* u«r 
C-sTaR efficiency 
CF, slit ' ' 

X* Sttt VftCUUK 

c** vxc ?* expect 
c# xo^mthtxxH 
cr f vac' n 
“t$F* "f€ST 

lSp» Site vacuum 

t§ft jmvtcwp 

l&>9 TO * y TE ST CONOmONS 

isf eft igifewct 

Mitf ASg Ef f 1C I EMCr 

out 

IStpt OOEt TEST 


P$IA 

132.7V 7 

PSU 

I26.I&7 

U$F 

5149*43S 

U*F 

5}67*474» 

PS I A 

• f>*6 

U?/FT3 

55 .S 10 

LH/FT3 

tt9*074 

LtJ/SEC 

7*i90 

t,M/sec 

i-2,4£* 

LU/StC 

19*817 

O/F 


ui/sec 

.533 


2*7 93 

O/F 


PS 10 

56.1*7 

PS to 

^6* 

PS 10 

is.iiv 

Of® F 

1*6*985 

stu/seo 

776*M* 

Ff/SCC 

$428*(BQ4 

Ff/SEC 

5*89.067 

a" 

95*046 


1 

«R «*■»«►** 

1 *5*3 

««*«•« 

U527 

'miiiiim mm 

1 01 .223 

m«$mm m 

1*807 

see 

259.8*7 

SEC 

2»6tf#?67 

SEC 

306.08* 

SEC 

276*441 

V 

76*970 

% 

9^.389 

FT/SEC 

8711.633 

SEC 

338.789 





6K OHS £N0tNt Tt(;HNOL06Y 
SUPPORT PROGRAM 
RUCKtTOYNr. INTEGRATED HARDWARE TfSTS 

OATE n APR 4 

stmts Ro/lMT-j SEQUENCE « TEST I 

TEST DESCRIPTION 

ENGINE PeRPONMaNCE and HEaT TRANSFER EVALUATION WITHOUT :,LC . 
L/O INJECTOR S/Nt (fiLC PLUGGED) . 9 TO i NO/ZLE. UNSATURATED 

mmh/nto Uo f tutu. Target pons » i2s>.* «« * i*s5. 

ACTUAL TEST DURATION 35.00* SEC 

DATA SLICE TIME 9,98 * SEC TO 10.000 SfC 


PARAMETER 

fuel Tank pressure 

0* IDI/tM TANK PRESSURE 
FUEL INTERFACE PRESSURE 
0*IOI2EH INTERFACE pressure 
r/c coolant inlet man. pressure 

fuel INJECTOR PRESSURE 
UAIUI2EN INJECTOR PRESSURE 
CHAMBER PRESSURE NO, J 
CHAMBER PRESSURE NO, 4 
A*IAL THRUST* SYSTEM A 
A*IAL THRUST » SYSTEM 8 

T»nrrs thrust 

z-aais Thrust 

average 'CELL PRESSURE 

CELL PRESSURE AGREEMENT 

FUEL FLOwRATE 

oXjDlZfcR flowrate 

ryet- interface te mpe ra ture 

OXIOUER INTERFACE TemPeRa tl»E 
T/C COOLANT IN TCMPERaTURE 

r/c Coolant out temperature 
injector surf ace tempera Turf 
t/c surface temp -is In 

t/c SURF ACETCMP -13 »N 

t/c surface Temp -lo in 
T/C surface temp - « IN 
r/c surface temp - * in 
-t/c Surface temp - * in 
t/c surface temp - a in 
t/c SURFaCETEMP -«i3 IN 

T/C SURFACE TEMP * 3 IN 

coolant in manifold skin 
nozzle flange top Temperature 
nozzle Surface umP ♦ h.o in 
nozzle surface temp ♦ v.e in 


wtrs 

AVO, measured val if. 

psJa 

*?*»a 92 

PSX A 

PZS.TOS 

P$IA 

21 A. TPS 

F5lA 

208. 926 

PSJA 

208.797 

PSTA 

IPA.H66 

PSlA 

IBV.fiHV 

PSIA 

131.633 

PSIA 

132.206 

LftF 

soba.bSs 

taf 

5101.906 

tar 

-23.2*7 

tar 

36.0*6 

PS I A 

.078 

% - 

, .6*9 

OPM 

55.71$ 

GPN 

62.063 

df© r 

0 

OF© F 

0 

of© r 

4S . 5® I 

OEG F 

231. T15 

OF© F 

rt,*e» 

l>£© f 

221.938 

ae© r 

257.538 

at© f 

2*7.166 

DC© F 

178.389 

0£G F 

211.2*6 

DEG P 

227,8*0 

D£© F 

1*1.339 

or© r 


OF© F 

i 32 ? • aS# 

OfcG f 

54*39S 

DC© F 

52. 7ll 

DE© F 

■ 996 •sto 

DE G F 





S* OHS fNO INC tCCMNOLOQY 

SUPPORT PROGRAM 

hockitoync iMfco«Afeo hardware tests 
s$Htcs Ro/iht-i seuuence s test i 

PERFORMANCE OATa 


parameter 

1 i»*»4 w § a i ’. 

PC, INJECTOR END 
PC, MOtlLE STAGNATION 

axial thrust* site 

axial THRUSf, VACUUM 
NOZZLE EXIT PRESSURE 
FUEL DENSITY THWri 
OXIDIZER OCNSITY 
FUEL Ft ORNATE 
0*!Ot2ER FLOWRaTE 

total propellant flowrate 
mixture Ratio (OVERALL)" 
BLC FLOWRATE 

t»Lc Total percent 
core mixture rat io 
tuel injector uelta-p 

OXIOIZER INJECT OR'OELTA-P 
T/C COOLANT OELtA-P ' 

Ttr COOLAMTOCLTA-f — 
THRUST CHAMBER HEaT flux 
C-STAR* site 
C*STaR« umA 
C-3TAR EFFICIENCY 
CF, SITE 

cEsne vacuum 

cF, VAC ts EXPECT 
CF CORRELATION - 
CF , " VAC T* " 

ISp, TEST - 
isp. Si it vacuum 
rip, VXt 72 PR E O tC T EO 
ISP. TOM, test CONDITIONS 
I ISp EFFICIENCY 

ENERGY release efficiency 

C-STaR, OOE 
ISP, out, TEST 


UNITS 

calculated value 


—«w> —*»«■«» mm ^wmn w 

psU 

13 j # 9»0 

P$IA 

i*?s, 3 S 2 

ur 

$ 093,426 

LhF 

sin.m 

**si* 

•ovo 

Ln/rty 

5$. $24 

ut/rrs 

90 , 30 / 

Ltf/SEC 

6,. 892 

LH/StC 

12,496 

Uf/SEC 

19,388 

o/r 

1 • 9 1 3 

UI'/SEC 

' ' * • 0 

% 

,0 

0 /F 

1 ,S 13 

PSltt 

62*316 

PSiO 

$ 7 *i 39 

psio 

1*,$31 

ass r 


BTU/sec 

919*726 

rt/mx 

$ 513,550 

ri/sic 

5 $ 13*$50 

% 

96 *692 


i.s 33 

«**»*«' 

It 539 

•«*«* 

1 *528 


100,681 

«NM«iA»Ni 

1,606 

■$fC 

262,709 

sic 

263,681 

sec 

309,509 

sec 

277,347 

% 

77 « j 32 

% 

96,161 

rf/src 

5702,1 89 

sec 

341,869 



op , 


11 





6K ,)MS ENGINE TtCHMoUOOY 
SUPPORT PROGRAM 

HOCKCTOYNE INTEGRATED HAHoWARE TeSTS 

DATE el APR * 

SthlCS «0/lHT-| SfOUENCE 0 TEST 1 

TEST DESCRIPTION 

engine performance and heat transfer evaluation without «lc, 

I/O INJECTOR $/N] (OLC PLUGGED! t V TO j NOZZLE • UnSaTURaTEu 

mmh/nto (ao f full*. Target pcns » izs.* mR ■ i.gs. 

ACTUAL TEST DURATION 3S.00A SEC 

DATA SLICE TIME ia.cco sec to 15,000 SEC 


parameter 

fuel Tank pressure 
oaiuulh tank pressure 
fuel INTERFACE PRESSURE 

0*10UtH INTERFACE PRESSURE 
T/C COOLANT iNtEt MAN. PRESSURE 
FUEL INJECTOR PRESSURE 

o*iouer injector Pressure 

CHAMBER PRESSURE NO, 1 
chamber PRESSURE NO. i 
A*I4L THRUST. SYSTEM A 
A*IAL THRUST , SYSTEM B 
f*AXIS THRUST 
z-axis Thrust 
AVERAGE CELL PRESSURE 
CtU PRESSURE AGREEMENT 
fuel Flowrate 
oaioizer FLOWRATE 
fuel TrT ERF*CF-T feHP|*ATURE 

omouer interface Temperature 

T/C COOLANT IN TEMPERATURE 

r/c coolant out Temperature: 
injector surface temperature 
T/C SURFACE Temp -16 IN 
T/C SURFACE T&TP -IS IN 

r/c surface Temp -to in 

T/C SURFACE TEMP - 8 IN 
T/C SURFACE Temp - * IN 
T/c surface Temp - a In 
r/c surface Temp - 2 in 
t/c surface-temp - 0,3 in 
T/C SURFACE Temp ♦ 3 in 
COOLANT’ tft MAN! POLO SKIN 
NOZZLE FLANGE TOP TEMPERATURE 

nozzle Surface temp ♦ r.o in 
nozzlE Surface tlmp a g.o in 


units 

AV6# MtASU«eo VAl ut 

PSIA 

224, 


225,;?31 

PStA 

214,765 

PS I A 

208,502 

PS I A 

208,413 

mu 

$94,646 

PSlA 

106, rbi 

PS 1a 

130,543 

PSiA 

131,$M 

L sr 

5072,166 

L*r 

©095, 6*0 

tir 

- 21 , 52 s 

usr 

35,412 

PS I A 

• 67s 

% 

. ,6*0 

©PM 

55,883 

(3PM 

6?,00© 

or© r 

0 

0£© f 

0 

of© r 

44,421 

t>£© F 

236,41b 

Ot© F 

90*544 

ec© f 

234,(06 

ok© r 

261,902 

oc© r 

241,134 

OC© F 

182,362 

0£© F 

211,982 

Of© F: 

232 ♦844 

Of© F 

1*6,290 

Of© f 

1 50,693 

be© F 

132,45V 

0£ 6 F 

53*668 

or © f 

.SUITS 

or© r 

1221,220 

or© f 

1460,796 





t > K OHS ENGINE TECHNOLOGY 
SUPPORT PROGRAM 

KOCKfcTOYNf, INTEGRA Tco MAROWARE TgSTS 
GATE 61 APR A | 

SERIES R O/IHT-I SfUUtNCt 8 TEST I 

PERFORMANCE OATa 


PARAMETER 


PC, INJECTOR END 
PC, NOZZLE STAGNATION 
axial THRUST » SITE 
AXIAL THRUST. VACUUM 
NOZZLE EXIT PRESSURE 
FUEL DENSITY (MHHl 

OXjotZEN DENSITY 
fuel flowrate 
o*ioUtR flowrate 
TOTAL PROPELLANT FLOWRATE 
MIXTURE RATIO (OVERALL) 
3LX FLOWRATE 
»LC TOTAL PERCENT 
CORE MIXTURE RATIO 
FUEL INJECTOR OEcTa-P 
OXIDIZER injector oelta-p 
T/C COOLANT OELTA-P 
r/C COOLANT OELTA-T 
THRUST CHAMBER HEaT FLUX 
C*STAR. SITE I 

c-star. UMR 

C-STAR EFFICIENCY 

CF. SITE 

CT SITE VACUUM 

CF, vAC Tg EXPECT 

CF CORRELATION 

CF, VAt Ti 

iSp. TEST 

jsp, site vacuum 

rip, VAC*72 PREOTCTEO 

ISP, TOR. TEST CONOITIONS 

ISP C#FI.clCN.^V 

CNCROY RELEASE efficiency 

C-STAR. OOE 

ISP, ODE, TEST 


UNITS 

CALCULATED VAt 

mm**m*m 

inwbrwwrw 

P5 I A 


PS I A 

l 24.476 

tar 


t«F 

5102.452 

PS I A 

# o9o 

t h /FT 3 

55*489 

te/rfj 

?0.?65 

ta/se,c 

6.909 

LH/SEC 

12. *71 

LM/5KC 

19.379 

o/r 

u«os 

IH/SCC 

0 

% 

0 

0/F 

1*665 

PSID 

6J.619 

?SlD 

ST. 674 

PS 10 

13.7*7 

m® f 

191,995 

BTU/StC 

94tt.4l ? 

FT m e 

5477.460 

r tv sec 

5477.460 

% 

96.540 


1.541 

wmmmmm 

1.547 


USES 


101.229 

Migjwmw t , 

i ,sis 

SEC- 

262.336 

sec 

263.303 

SEC 

709.9*5 

sec 

277.268 

% 

77.8*7 

% 

96*043 

rr/sec 

5703.29® 

sec 

441,709 







»K OMS ENGINE TECHNOLOGY 
SUPPORT PROORaM 

ROCKETOVNC IMtEGH«Tct> HA«OWARE TESTS 
DATE 61 APR A i 

StPlES «0/lMT-j SrOUtNCi 8 TEiT 1 

TEST DESCRIPTION 

engine performance and heat transfer evaluation without *lc. 

L/O INJECTOR S/N; (hLC PLUGGED 1 « V To j NOZZLE* UNSATUHaTEO 
MMh/NTO He F FULL). TARGET PCNS * 125. » MR • l .65. 

ACTUAL TEST DURATION 35,0 04 SEC 

DATA SLICE TIME 24.000 SEC, TO 28,000 SEC 


parameter 

FUEL TANK PRESSURE 
0*101228 TAW PRESSURE 
FUEL INTERFACE PRESSURE 
CIAJO 1 2ER INTERFACE PRESSURE 
T/C COOLANT inleIman. pressure 
fuel INJECTOR PRESSURE 

OMDUCH injector pressure 

CHAMBER PRESSURE NO, \ 

CHAMBER pressure no. g 

a* i al ThRuST* SYSTEM A 
A*IAL THRUST* SVSttN 0 
y“ a*t s ' Thrust 

Z-AXIS THRUST 
AVERAGE CELL PRESSURE 
CELL PRESSURE AGREEMENT 
FUEL FttfwRAft 
0*1 OUL* FLOWRATE 

fuel interface Temperature 
o*ioi «» interface temperature 
t/c coolant in temperature 
T/C Coolant OUT tEMPERAtURC 

injector surface temperature 
t/c Surface temp -it in 
t/c surface temP "ts in 
r/c Surface temp -lo in 

T/C SURFACE TEMP - B IN 
T/C SURFACE TEMP * 6 IN 
t/c surface temp * * in 
T/C SURFACE TEMP - l IN 
T/CSOPP*tE TEMP" -0.3 tN 
T/C SURFACE TEMP ♦ 3 IN 
COOL ANT " IS HASirOLO SKTN 
NU/ILl FLANGE TOP TEMPERATURE 

nozzle Surface temp ♦ s.o in 

NOZZLE SURFACE TEmP ♦ 9.0 IN 


UNITS 

mmmmm 



measured value 


P.St A 

PS I A 

PSlA 

PSlA 

P$ | A 

PSt A 

PS I A 

PSlA 

PSlA 

L«F 

LhF 

L«F 

LBF 

PSlA 

* 

gpm 
6PM 
DEO F 
Of.O F 
OCG F 
OEG F 
OE® F 
DEG f 

OEO F 
dig F 
OEG r 
0£G F 
deg f 

DEG F 
OEG r 
DEG F 
OfcG f 
DE G F 
oco r 

OE G F 


224,892 

225.231 

214. 70S 
208.679 
/08.T9T 

198,547 

188.3U 
130,179 
131.134 
55T2.1G6 
5102.001 
-22,031 
34.015 
.577 
.851 
• 55,8*1 
62,008 

0 

0 

44, 1 99 
240.8** 
107.1 02 
241.6 08 
265,676 
252.071 
163.294 
214,1 76 
235,641 
163.897 
153,7 tS 
133.812 
54.312 
51.668 
1434.040 
1567.902 










^ 6 



6K OHS ENGINE tfr-H^OLOOT 
SUPPORT PROGRAM 

ROCKETOYNE INTEGRATt'O HARDWARE TESTS 

DATE &I APR 4 

<t«jsS RO/lHT-l SEQUENCE 8 TEST I 

PERFORMANCE OAT* 

f-ARAMtltR ONUS CALCULATED VALUi 


PL, INJECTOR END 
P?« NOi*LE STAGNATION 

AXIAL thrust, site 

AAJAL THRUST. VACUUM 
HOlZLk EXIT PRESSURE 

fuel density (MHHT 

OXIOUEH DENSITY 

fuel Flowrate 

oAlDIiEH FLOWRATE 
TOTAL PROPELLANT FLOWRATE 
mUTURE RATIO (OVERALL) 

ItC FLOWRATE * 

8LC TOTAL PERCENT 
CORE wt ATURERATI o 
FUEL INJECTOR OElTa-P 
OXlDtZtP INJECTOR OELTa-P 
1/C COOLANT OElTa-P 
T/C COOLANT OELTA-T 

thrust chamber HEaT flux 
C“STar. site 
c-star. umr 

C-stAR EFFICIENCY 
CT. SITE 
CF“ sm VACUUM 
CF, VAC Ta EXPECT 
CE CORRELATION 
CF. vAC 7 jt" 

1$P. TEST 

(Sp. SITE VACUUM 

TSP, VAC 72 PREOIOTEO 

iSp, TOk, TEST CONOiflONS 

ISP EFFICIENCY 

ENERGY RELEASE EFFICIENCY 

C-STaR» ooe 

ISP, OOE, TEST 


PSU, 

i3u*^sr 

PS I A 

124.124 

lbf 

soa?.o»4 

is f 

SiOS.sTB 

PS i A 

*o6rt 

Lb/FT 3 

S>S.$5* 

LW/FT3 

99.183 

LB/SEC 

6.917 

Ui / see 

12.409 

tB/5FC 

19.376 

O/F 

1 .401 

iB/src 

0 

% 

0 

0/F 

i.aOl 

PS ID 

65**90 

FStO 

57.6*7 

PSlD 

U*?So 

oro r 

196.4*7 

Btu/Sgc 

971*572 

rf/SEc 

5462*936 

ft/scc 

9462*936 

% 

95*777 

«««*« 

1*546 


1*552 


U52B 


iol.sea 

««•*» 

1*822 

SfC 

262 *$46 

SEC 

263*501 

sre 

109*197 

sgc 

277*230 

% 

77*131 

% 

96. 127 

FT/ SEC 

5703*615 

sec 

341.626 





*K am CN#lN€ ft CHK^tOGy 
Support p»og«ah 

HOCKETOVNe INTCgWaTfU HA«0*A*t TfcSTS 

OATr ol APR 4 

StHlES HO/IHT-J StGUF^Ct 6 Tfc'iT j 

rest description 

£^1 NC~P£ftr ORKANCg AND HEAT T«ANSf£N £VaLUaT 1©N WITHOUT i<} LC* 
U0 INJECTOR S/Ni (HLC PLUOOFD) # 9 To 1 NOZZLE* UNSaTURATED 

mhh/nto Uo r full) ♦ target fcns « izs** h» * i.©s* 

ACTUAL TEST DURATION 35,004 SEC 

DATA SLICE TIME 34,000 SEC To 35.000 SEC 


PARAMETER 

FUEL Tank PRESSURE 

<j*TOTZCR tank pressure 
*•<*1 INTERFACE PRESSURE 
0*I1>I2ER INTERFACE PRESSURE 
T/C CO0LANT INLET MAN. PRESSURE 
FUEL INJECTOR PRESSURE 
OMOUtR INJECTOR PRESSURE 
CHAMBER PRESSURE NO, \ 

CHAMBER PRESSURE NO. g 

aA i al Thrust* sTstem a 

AAJAL THRUST* SYSTEM 0 
y-axis thrust 
z-axis Thrust 
averaOe'cell pressure 

cell PRESSURE AGREEMENT 
fuel flowrate 
uAIOIZEm flowrate 
fuel interface temperature 
oxidizer interface Temperature 

T/C COOLANT in TEMPERATURE 
t/c coolant our tempera tore 
injector surface TEMPERATURE 
T/c SURFACE TEMP -16 IN 
T/C SORPAtE TEMP -IS IN 
T/C SORpACC Temp -10 IN 
T/C SURFACE temp - 8 IN 
T/c SURFACE TEMP - IN 
T/c SURFACE Temp - A IN 
T/c surface temp - g IN 
T/c sore ACE TEHP-C.3 IN 
T/c SURFACE TEMP ♦ 3 IN 
COOLANT' IN MANIFOLD SKIN 

nuzzle flange top temperature 
nozzle Surface temp ♦ a.o in 

NOZZLE SURFACE UmP « s.e IN 


HKtrs 

AVG* MCASUWFD VALOK 

P%IA 


P$lA 

225*705 

PSlA 

2i3*vU 

p%n 

208*679 

P$ 1 A 

208*797 

PS I A 

is©,*? 47 

PS u 

ia»,7©i 

PSU 

130*179 

PSU 

13UJ34 

t nr 

S$72*166 

LB* 

5102*001 

LW 

•19.499 

lb:f 

33, t >54 

PSU 

• f)76 

Vis' 

• 65£ 


55*772 

GPH 

62, 

C£G T 

0 

DC© F 

0 

OE© F 

4 5,4*8 

DC© F 

?41*S7« 

©£© F 

115*97© 

oe© r 

242*486 

©F© F 

064.497 

0£© F 

253,016 

M© F 

162*360 

0£© F 

212*224 

016 F 

234*173 

Of.© F 

169*092 

01© F 

153.114 

DC© F 

133*319 

oc© r 

55,921 

t>c© F 

53*735 

Ot© F 

1502.160 

01© F 

1593,546 



6K OH* ENfi iNE TECHNOLOGY 
SUPPORT PRoORAM 

ROCKET OYNC INTEGRATED HA«QVARt TESTS 
P*TF 01 APR 0 l 

StPlfS MO/IHT-J SEQUENCE 8 TEST l 

performance oaTa 


parameter 


PC, INJECTOR END 
PC, NOZZLE STAGNATION 
A*IAC THRUST, SITE 

axial Thrust, vacuum 
nozzle txi r pressure 
FUEL DENSITY THHH) " 
OXIDIZER DENSITY 

fuel flowrate 

0*10 Ufa FLOWRATE 
TOTAL PROPELLANT FLOWRATE 

mIKTUHE RATIO coverall) 
Stc FLOWRATE 
BLC TOTAL percent 
CORE MIXTURE RATIO 
FUEL INJECTOR oELTa-P 
' OXIDIZER INJECTOR OELTA-P 
r/C COOLANT OELTA-P 

TFC COOLANT OELTa-T 

THRUST CHAMBER MEaT FLUX 
C”STaR* SITE 
c-sTar* umr 
C-STAR EFFICI EWCY 
CF, SITE 

C? SITE VACUUM 

CF, vAt ?? EXPECT 
cf CORRELATION 
CT, VAC ?2 

ISp, TEST "• ' - 

ISP. SHE VACUUM 
T5P, VAC TZ PREDICTED 

iSp, tor, rest conoitions 

ISP EFFTcTENCY 

energy Release efficiency 

-C-STAR* OOE 
ISP, OOE* TEST 


UNIT S 

CALCULAfFD VAt. Ut 


130.657 

Pi! A 

124.124 

LaF 

Sdd?.t>64 

IM 

5105.4*7 

PS I A 

• oda 

te/FT3 

55.571 

lH/fT3 

90.1 |5 

L'i/SEC 

Lrt/SEC 

6, 80S 
12, *72 

L8/SFC 

19.377 

O/F 

1.00ft 

wsec 

0 

% 

0 

0/F 

l.fiOft 

P$It> 


p$io 

S8.0A5 

PS 10 

iz.zio 

oro f 

T9«.l20 

BTU/SCC 

978*1 75 

Ff/S£C 

5462 .601 

FT/SFC 

5462 .601 

% 

95.782 


1.546 

«*« »«•*«* 

1.552 

«*•*« 

l.sza 


101.56a 

AW** •*«»** 

1.822 

SEC 

262.S30 

SEC 

>63*478 

SFC 

J09.2TI 

%r;c 

277.264 

% 

77.103 

% 

96.108 

Ft/ SFC 
SEC 

5703*101 

3AI.T23 





6K W5 ENClNE TECHNOLOGY 
SUPPORT PROGRAM 

ROCKETOYNC INTEORATfO KAHQWARfc TESTS 

0Jy| 0| n^-,1 — 

SERIES «0/lHT-j SEQUENCE « test ? 

TiST DESCRIPTION 

eNOtNE PERPOHMaNCE AMO MEAT TRaNSPER EVAtUftTIOM WITHOUT SU« 

u/o injector s/Ni'mc Ptuaegoj, 9 to i nozzle. uwsaturatEo 
mmh/nto Ua r row.) » target pcns « i*o.* *# ■ i»6s» 

ACTUAL TEST DURATION )0«0i0 SEC 

0*t* SLICE TIME 9,000 SEC TO 10.000 SfC 


PARAMETER 

^ mm mm 

fuel Tank pressure 
O* i0i2t* Tank PRESSURE 
FUEL INTERFACE PRESSURE 
0*tt> «E« IN TtRFACE PRESSURE 
T/C COOLANT INLET MAN* PRESSURE 
FUEL INJECTOR PR E SS URE 

o*h>Ueh injector pressure 
chamber pressure no. 1 
CHAMBER pressure no. g 
A*tAL tnrust. system a 
axial Thrust • system e 

Y-AXIS THRUST 

z - ax if Thrust 
ayeraoe cell pressure 

CELL PRESSURE aSKEEMENT 
riflEt Flowr ate 

OAibllER FLOWRATE 
FUEtr^RTERFACE TEMPERATURE 
OX 10 I ZEH 1 NTERF ACE tf MPER a TUBE 
T/C COOLANT IN TEMPERATURE 
r/c coolant out Temper a ture 

INJECTOR SURFACE ItMPERAtURE 
T/C' SURFACE TEMP -If IN 
T7C SURF ACE "TEMP »T3 IN 
T/C SURFACE TEMP -10 IN 
T/C SURFACE TEMP - * IN 
T/C SURFACE tf.HP - A IN 
T/C SURFACE TEMP - A IN 

t/c surface Temp - a in 
t/c surface tem»* win in 

f/C SURFACE TEMP ♦ 3 IN 
coolant In manifold skin 
nozzle flange TOP temperature 
nozzlI" surface temp ♦ 8.0 in 

NUZZLE SURFACE Tt«p ♦ 9.0 IN 


units 

A VO, MEASURED V 



PSIA 

2ST.2S9 

PSXA 

254.590 

PSiA 

244.3*1 

PSU 

233.4ft 

pin 

237, Iff 

FSTA 

231.902 

PS I A 

211.204 

mu 

145.811 

P$U 

149. aft 

ur 

5554, fl I I 

U*F 

5964.101 

lw 

-37,984 

LGF 

29. Of 6 

PSlA 

.086 

% 

.541 

w* 

61.332 


67.(69 

w* t 

- 0 

0£G F 

0 

0£O r 

43.7*3 

010 F 

237.242 

0£Q r 

121.930 

0£G r 

737,334 

0CG F 

?si .of I 

DEG F 

**44,936 

0CG F 

163, 109 

0£6 F 

169,521 

0£G f 


D£G F 

163,696 

o cG r 

X*l *fht 

0tO F 

1«3,<M*S 

DfG F 

66,918 

OfcG F 

ST *324 

0fG F 

1342,644 

D£0 F 

1544,499 


K®?®?™ <* ob 

PAGE IS POOR 





6* oms engine technology 
program 

HOcKETOYHe IN?EgR*TEO HARDWARE TgStS . 

OATf. 61 APR 4 

series Ho/iht**] sequence a ?tsi * 

PERFORMANCE OAU 


FARAHLrCR 


PC, INJECTOR tMt) 
pC f N02/t£ STAGNATION 
*MAL THRUST t MTi 
AXIAL THRUST f VACUUM 
HOltXt exit PRESSURE 
FUEL GENS ITT (MKH> 
0*|OUE» density 
FUEL Ft OWRATE 
OMOlZlgjR FLOWR^TL 
TOTAL PROPELLANT FLOWRATE 
Hi XT URL RATIO <OVfc«Atl* 
ate FLOWRATE 
»LC TOTAL percent 
CORE MIXTURE frATtO 
FOIL INJECTOR OElTa-P 
0*|DIZER INJECTOR OCLTA-P 
r/C COOLANT UElTa^F 
T/C COOLANT DELTA-T 
THRUST CHAMBER HEftT FLUX 
C*STARt SITE 
C-StARf UHR 1 

c-star efficiency 

tF, SITE 

tf 7 sttt VACUUM 

CF, VAC 7/ 'EXPECT 

C? correlation 

CF « VAC lit 

iSf, test 

isp, site vacuum 

tip, wt It PRE&tCttO 

ISP# TDK, TEST CONDITIONS 

lip EFFtcICNCY 

ENERGY RELEASE EFFICIENCY 

C*$T*Rf OOE 

OOE» TEST 


ut'i Its 

CALCULATED VALUE 


I 

l 

1 

i 

« 

I 

1 

1 

• 

i 

< 

PSlA 

(46,534 

P^IA 

138,5*2 

L^F 

65&9 P 066 

EOF 

5679,654 

PS I A 

,0 4 H 

LH/FT3 

55*StT 

LN/F f 3 

90, ur 

LB/SEC 

7,658 

LB/ SEC 

I 3,486 

IU/5CC 

21*145 

O/F 

UTfti 

LI/SEC 

a 

% 

0 

0/F 

i, Hi 

PSlU 

86, {>68 

P<UO 

65,371 

psio 

5. £66 

D£G F 

103,409 

btu/sec 

1 359,490 

FT/ SEC 

5587*496 

FT/SEC 

5587,496 

% 

97, *91 

•«»»«»«• 

i.st* 


1.519 


!•*» 


9<j,fctr 


j *r«* 

sec 

962.907 

SEC 

263,881 

SEC 

309.7*4 

SEC . 

277.224 

% 

77.443 

% 

96.177 

FT/ SEC 

5707. 9«l 

SEC 

3*0.742 





(>* OMs tmlm TECHNOLOGY 
SUPPORT PROGRAM 

HOCK£ToVN£ JNTCgRaTcO HARDWARE TESTS 

DATE 01 APR 4 

series ^o/iHT-i seRurMce » test < 

rtST DESCRIPTION 

£*©INE PERPOHMaNCE AND H£aT TRANSFER EVaL^aTIOn FIThOUT >*LC* 
E/O INJECTOR S/Ni HiLC PtUOOECl) • 9 TO \ NOZZLE* UNSATURaTEO 
MMh/NTO <4 0 F FULL), TARGET PCNS * 140. ♦ MR « 1,45, 

ACTUAL TEST DURATION lu«9U SEc 


DATA SLICE TIME 9*000 SEC TO 


PARAMETER 

FUEL TANA PRESSURE 

a*ioue« tank pressure 
FUEL I Nf ERF ACE PRESSURE 
OXIDIZER INTERFACE PRESSURE 

T/C coolant INLET man# pressure 

FUEL INJECTOR PRESSURE 
OXJoUEH INJECTOR PRESSURE 
CHAMBER PRESSURE NO, i 
CHAMBER pressure no, t 
AX I AL THRUST t SYSTEM A 
AXJAL THRUST • SYSTEM * 
y- ax i s Thrust 
z-axis Thrust 
AVERAGE CELL PRESSURE 
CELL PRESSURE AGREEMENT 

fuel flowrate 

OXIDIZE* FLOrRaTE 

fuel twtERF ACF TEMPER AtURr 

oxidize# interface temperature 
t/c coolant in temperature 

T/C COOLANT OUT TEMPERATURE 
INJECTOR SURFACE TEMPERA fURF 
T/C SURFACE TEMP -16 IN 
T/C SURFACE' TEMP -13 IN 
t/C SURFACE TEMP -H IN 
T/C SUkFACE TEMP - * IN 

t/c Surface temp - 6 in 

T/C SURFACE TEMP - 4 IN 
T/C SURFACE TEMP - 2 IN 
T/C SURFACE TEMP -0,3 IN 

r/c surface temp ♦ 3 in 
COOLANT in manifold skin 
nozzle flange top temperature 
nozzle Surface temp ♦ $.0 in 

NOZZLE SURFACE TEmP ♦ 9,0 IN 


10,000 SEC 


UNITS 

AVG. HtASU«ECI VAv ->r. 

PSlA 


PSIA 

?**4 TZ 

PSt A 

261.130 

PSIA 


PSIA 

261.3&2 

PSIA 

239.125 

PS I A 

209.221 

P$I A 

J 45. 084 

PSIA 

14S,*f9 

LW 

5534.985 

LHF 

5545.) 10 

L&F 


L^F 

29.308 

PSIA 

« $86 

% 

.541 

«P» 

67 , Jf 3 0 

OPM 

63*983 

0£© F 

0 

DC® F 

0 

DEG F 

4 3 .60S 

Of© F 

£21 ,<325 

0£G r 

jS6«t7a 

DC© F 

220,352 

D£G F 


D£© F 

226, 8?6 

or© f 

150.456 

OF© F 

174,645 

DE6 F 

195,95* 

DC© F 

156,3*4 

r>€<s f 

136*041 

OE© F 

114.935 

oto r 

73,610 

DC© F 

6? ,443 

DC© F 

1306.427 

DC© F 

1478.443 




6* 0M$ ENGINE TlCHNOtOar 
SUPPORT pfioOfcAH 

»OCK£TpTN€ INT£<|KATeO HA«0#A»C T£SfS 

date 01 APR 4 

j i s hq/ iht-j sequence e test 3 

P€«fORMANCE DA? A 


PANAMEfER 

PC, INJECTOR fcNO 

PC* N02XLE stagnation 

a*IAL THRUST, SITE 
A*IAL THRUST . VACUUM 
NOZ/LE EXIT PRESSURE 
FUEL DENSITY IHHHT 
OXtOWEH DENSITY 

fuel rtawHATe 

OAIUUtH FLOVHiTt 

TOTAL PROPELLANT FLOWRATE 

MIXTURE RATIO (OVERALL) 

Bt'C FLOWRATE 

»LC TOTAL PERCENI 

CORE MIXTURE RATIO 

FUEL IwJECTOH OELTA-P 

OXIDIZER INJECTOR OELTA-P 

l/C COOLANT OELTA-P 

T/c COOLANT OELTs«T 

THRUST CHAMBER HEaT FLUX 

C-STaR. SITE 

t*St*h« UMR 

OSTaR efficiency 

CF, SITE 

CF SITE VACUUM 

cf, vac te' Expect 

cr CORRELATION 
CF, vac 72 

rsp, Test 
is*p, Site vacuum 
TSP, VAC 72 RREOICTEO 
lip, TDK, TEST CONDITIONS 
ISP EFFIrlENCt 

enerot release efficiency 
c-star* ode 
IS pi ODE* TEST 


UNITS 

calculated vai or. 


1 

« 

1 

I 

J 

i 

1 

i 

,* 

PS I A 


P$lA 

139,017 

LB? 

SS40.048 

U*F 

5560*766 

PSJA 

• 0V7 

Us/Ftj 

SS.9TI 

LR/FT3 

90*084 

LB/SFC 

8.324 

MJ/SEC 

12*842 

Lil/SEC 

21. 166 

O/F 

1*543 

Ui/SEZ 

0 

d/F 

l.$43 

PS ID 

V3,»*3 

PSIO 

58*939 

P*$ID 

12.22« 

of® r 

VT8*3*0 

STU/SEC 

1061*^09 

rt/src 

5560*720 

FT/SEC 

5560*720 


9T.5S9 


l**»l4 


l.seo 


1.513 


100.476 


1.7«4 

SEC 

20 1.744 

SEC 

?62*722 

wc 

300*384 

SEC 

274.504 

% 

78.926 

% 

96*706 

rf/sec 

5699*648 

$£C 

334.570 



*K OMS ENGINE TECHNOLOGY 
SUPPORT PROGRAM 

80CKETDVNE INTEGRATED MA«OWARE TESTS 

DATE 01 APR 4 

SERIES RO/IHT-i SEQUENCE 8 TEST 4 

TEST DESCRIPTION 

engine Performance and heat transfer evaluation without bLc. 

C'o INJECTOR S/Nl (BLC PLUGOfOl , 9 To l NOZZLE • UnSATURATEO 
RMH/NTO <40 F FULL) • TARGET RCN$ ■ )2S,t MR • 1.45. 

ACTUAL TEST DURATION 10.004 SCO 

DATA SLICE TIME 9.000 SEC TO 10.000 S£C 


PARAMETER 

FUEL TANK PRESSURE 
OXimiER TANK PRESSURE 
FUEL INTERFACE PRESSURE 
0*101 ZEM IN t ERF AC* PRESSURE 
T/C COOLANT INLET MAN. PRESSURE 
FUEL INJECTOR P RESSURE 

q*idize« injector Pressure 

CHAMBER PRESSURE NO. 1 
CHAMBER PRESSURE NO, g 

a*i al thrust • system a 
a*ial TmmusT. system b 
Y-AXIS VHHtJST 
z-a*IS ThrUSt 
AVERAGE CELL PRESSURE 

CtLL pressure agreement 
fOel FLOWRATE 
OAlOIIfeR FLOWRATE 
fuel ThTeRFACE itNPERaTWe 
OXIuUem INTERFACE TImPeRaTUME 
T/C COOLANT IN TEMPERATURE 
T/C COOLANT out TEMPERATURE 
INJECTOR SURFACE TEMPERATURE 

T/C surface TemP -U In ' 

T/c SURFACE temp -is in 
t/c Surface Temp -le in 
T/c SURFACE temp - * IN 
t/c surface Temp - * in 
t/c surface temp - * IN 
t/c SURFACE TEMP - 2 IN 
T/c SURFACE TEMP -0.3 IH 
T/C SURFACE TEMP * 3 IN 
COOLANT IN MANIFOLD SKIN 
NOZZLE FLANGE TOP TEMPERATURE 
NOZZLE SURFACE TEMP * ( 5,0 JN 

noz/lI surface TemP ♦ o.e In 


UNITS AV«. MEASURED VALUE 


£34 , 465 

P5IA 

£09,605 


222,422 

PSIA 

194,533 

*51 A 

214*931 

PS in 

?03*ff0 

PS I A 

176,286 

*$|A 

129. B16 

P%tA 

130*001 

tHJF 

4958,029 

u*f 

4969*674 

tw 

-36,971 

13* 

27*200 

PS ! A 

* 676 

% 

*7*3 

G*M 

60,171 


ST. 673 

16F 

0 

DEO F 

0 

Dt<s r 

45*901 

oeg r. 

224, |4S 

<H:G r 

128.622 

ocG r 

224,394 

deg r 

739,669 

deg F 

226,965 

PEG F 

153.674 

0£G F 

178,513 

DEG r 

700,666 

OfO F 

158,567 

Dro F v 

139,191 

ocg f 

117,166 

t>f.G F 

80,129 

C’fcO F 

56,1&1 

0£G F 

1222*992 

OfG F 

1420*574 


. a ?'**' 



6K om m^iut reoH*0L0©Y 

CltOBAfiT 

HOCKETOVNE iNTE6«*tEt> HARDWARE TESTS 

BATE Cl APR 4 

stmts «o/iHt-i srautMCi a test * 

performance 04 Ta 


parameter 

mm m m ' 

PC, INJECTOR END 
PC. N022U STAONATT0N 
AAJaL THRUST, SITE 
A* I At THRUST, VAtXIUH 
NOZZLE EXIT PRESSURE 
FUEL DENSITY (RRHJ 
UAJUIZEN DENSITY 
FUEL FLOWRATE 
0*10 I 2ER FLOWRaTE 
TOTAL PROPELLANT FLOWRATE 
mixture ratio ioveralCi - 
8LC FLOWRATE 
ate total percent 
core mixture ratio 
fuel injector oelTa-p 

OXIDIZER JNJECtoR CELT A-P 
1/C COOLANT OELTA-P 
T/C" COOLANT OELTA-T 
THRUST CHAMBER Mt*T FLUX 
C-StAR, SITE 
C-STAR. UMR 

C-sTaR efficiency 
cr, SITE 

CF -StTf--V«COUW — 

CF » VAC 72 EXPECT 

cf correlation 

CF, VAC 72 

isp, test 
iSp, site va cuum 

TSp, VAC72 PREOICTED ' 
lip, TOR, TEST CONDITIONS 
ISP EFFICIENCY 
ENeRSY RELEASE EFFICIENCY 
C«S+A», OOE 
ISP, DOE, TEST 


UNITS 

CALCULATED VAi. 

PS? A 

129,90V 

P$IA 

123.413 

tar 

4963.5&1 

l«f 

4981.7*9 

psIa 

.087 

LH/FT3 

SS.ST3 

LM/FT3 

90,086 

Lij/SEC 

7,460 

L9/SEC 

11.576 

lr/sec 

19.626 

o/f 

i H ,crr 

l.5»* 

n 

% 

u 

0 

O/F 

1,664 

psio 

73,861 

PStD 

*6.377 

ps io 

11,161 

of® r 

180.2** 

0TU/SEC 

960,1*6 

FT/5EC 

8631,567 

FT/SEC 

5531,567 

% 

97.020 


1.517 

* mwmmm 

1.523 

or «,«* mm 

1.51* 

«*»••» 

100,625 


1.788 

SEC 

260,883 

SEC 

261,839 

SfC 

307.3*6 

ste 

27*. 48* 

% 

78.179 

% 

96.504 

FT/SEC 

5701,450 

SEC 

334,920 



OHS £N0lNg TECHNOLOGY 
SUPPORT PROGR/H 

HOCKETOTNE INTEGRATED HARDWARE TESTS 

0 *TE a l APR 4 

Splits Ro/lMT-j Si' Outlet 8 TEST • 

TEST DESCRIPTION 

Engine performance and meat transfer evaluation without >)Lc . 

L/O INJECTOR S/W.i IHCC PLUGGED). V TO 1 NOZZLE. UNSaTUHaTEO 
HMh/NIO <46 r FULL ) • TARGET PCNS * j. 25 «. M« ■ 1 . 6 B. 

actual rest duration io.ois sec 

DATA SLICE TIME 9.000 SEC To 10.000 Sec 


PARAMETER 


FUEL TANK PRESSURE 
oxidizer tank pressure 
FUEL lNfERFACi: PRESSURE 
OXIDIZER INTERFACE PRESSURE 
I/C COOLANT inlet MAN. pressure 
FUEL INJECTOR PRESSURE 
OXIDIZER INJCcTOft PRESSURE 
CHAMBER PRESSURE NO, l 
CHAMBER PRESSURE NO. F 
A*IAL THRUST. STSTEm A 
AXIAL THRUST. SYSTEM d 

y**zts -Impost 

Z-aXIS THRUST 

AVERAGE CELL PRESSURE 

CELL PRESSURE AGREEMENT 

FUEL FLOWRATE 

OXIDIZER FLOWRATE 

FUEL INTERFACE TEMPERATURE 

oxidizer Interface temperature 
t/c coolant In temperature 
I/ c Coolant our tempera TUhe 
INJECTOR SURFACE temperature 
t/c Surface temp *u in 

T/t SU R FAC E TEMP -13 IN 

t/c surface temp -io in 
t/c sunPace temp - fi IN 
i/c surface Temp - a in 
t/c surface temp - a in 
t/c surface temp - z in 
'T/C “ SURFACE' 'tERP "*B v3 TN 
T/C surface TEMP ♦ 3 IN 

COOLANT - IN MANIFOLD SKIN 
NOZZLE FLANGE TOP TEMPERATURE 

nozzle surface temp ♦ t.o in 

nozzle SURFACE TEMP ♦ 9.0 IN 


units avg. measured va UK 


PSlA 

808.481 


224,884 

MU 

199,458 

PS I A 

ZOS. 939 

PStA 

194.995 

PSlA 

IBS. 902 

P$IA 

185,597 

PM A 

129.452 

PSlA 

130,001 

LaF. 

4964. 38? 

taF 

497-9.407 

LaF 

•32,667 

ur 

26.913 

PS I A 

.081 

■ % 

♦ 5*7 

6PM 

58.118 

oph 

62,66b 

0CG F 

0 

OC® F 

0 

ore r 

44,?7l 

ore r 

249,9^8 

ore r 

139.267 

0£G F 

245*951 

ore f 

296,764 

D£6 f 

246.657 

oc e f 

l 72.091 

oro f 

200.178 

nee r 

223.927 

ore f 

173.581 

ore r 

150,088 

ore r 

188.872 

ore f 

87 » >66 

or e r 

60.400 

ore p 

1894.597 

or® f 

1509.160 












6K OHS KNOlNE TECHNOLOGY 
SUPPORT PROGRAM 

RocKt;? oyni i^tcgRatfo hardware tests 

DATE qi APR 4 

SfcRiES H0/IHT»1 SFvKJFnCIT R 

T*ST DESCRIPTION H WCt 

Pe«fOHHANCE and heat TRANSFER EVALUATION WMH0UT bLC 
iw^riv J«.c flugocoi . *s To i nozzle, unsaturatlo 

MMh/NTO (40 F FUEL). TARGET PCN5 ■ Ho.. mR * 1 . 45 . 

ACTUAL test duration lo.ois SEC 

DATA SLICE TINE 9.000 S£C TO 


PARA METER 


TEST 6 


FUEL tank pressure 
o*id her tank pressure 
fuel INTERFACE pressure 
0*IOUEH interface PRESSURE 

T/C COOLANT JNLtt HAN. PRESSURE 

fuel INJECTOR pressure 
o*u)iztA injector Pressure 
chamber pressure no, j 
CHAMBER pressure no. g 

A*tAL THRUST, SYSTEM A 
A*IAL THRUST, SYSTEM b 
•▼ ■AXI S ' T HRUS T 
z-a*is Thrust 
average Cell pressure 
cell pressure agreement 
fuel flOwrate 
oXiUiZER FLOMRaTE 
FVELIRTERF ACEtEMPERATURE 

oxidizer interface TEMPERATURE 

T/C COOLANT IN TEMPERATURE 
T/C COOLANT OUT TEMPERATURE 
INJECTOR SURFACE TEMPERATURE 
T/C SURFACE TEMP -16 IN 
T/C SURFACE TEMP -13 IN 

r/c SURFACE TEMP -lo IN 

T/C SURFACE TEmP * H IN 

T/C SURFACE TEMP * 6 IN 

T/C SURFACE TEMP - * IN 

T/C SURFACE TEMP - 2 IN 

T/C SURFACE TEMP * 0*3 in 
T/C SURFACE TEMP ♦ 3 IN 
COOLANT TN MANIFOLD SKIN 

nozzle flange top Temperature 
nozzle Surface TEmP ♦ e.o in 

NOZZLE SURFACE TEmP ♦ 0,0 in 


10,000 3 

EC 

U^I Tfi 

AVG, MEASURED VAi.UC 



PS U 

19b* 260 

P$IA 

176.932 

PS IA 

185*840 

PS |A 

165*325 

PSJA 

160,810 

PHA 

j 7 J * 837 

PSiA 

149.51* 

P$IA 

U3.8ZJ 

PS IA 

1H.901 

LbF 

6368.400 

ter 

4161.394 

inf 

*29 •628 

ibf 

21,856 

PSlA 

*669 

% 

♦ $62 

©P'M 

52,993 

C*FM 

51,356 

Df G F 

0 

DC© F 

0 

0£G F 

43,753 

U£G F 

228.117 

Or<5 F 

134.126 

0*6 f 

227,973 

OfG F 

? 36*796 

DEG F 

&34*«42 

0F» F 

158,126 

OEO F 

182,748 

DCG F 

204,182 

D£G f 

|5fi,7i2 

DEG F 

143,673 

deg f 

119*172 

G£G F 

95*499 

OCG F 

70*123 

OE© F 

lil8»l*4 

OC G F 

1318,420 



ftK OMS CWfilWC TtcMNOLOtiY 
SUPPORT P« 08 R*M 

ROCKETOVNf, iNTBoRiTCD H*HoWA«f TESTS 

OATl 61 APR A 

stftiEs Ro/imt-[ sraue^ce « test ?, 


PARAMETER 

PL* INJECTOR £M> 
pc> STAGNATION 

4*IAL THRUST, sm 
AXJAL THRUST, VACUUM 
NOZZLE EXIT PRESSURE 
FUEL DENSITY CNHH) 
OXIDIZER DENSITY 
FUEL FLOWRATE 
OMOlZCH FLOMRaTE 
TOTfti PROPELLANT FLOWRATE 
MlX TUNE. RATIO (OVERALL) 
ULC FLOWRATE 

rlc Total percent 
core MIXTURE Ratio 
fuel injector oelTa-p 
OX fOUEM Injector oelt&hf 
T/C COOLANT 4>ElTa<-P 
T/C COOLANf UtLtA-T 
thrust chamber he at flux 

C«STAR« SITE 
C-SfARt UHR 
C-STAR EFFICIENCT 
CF# SITE 
CT Si tf VACUUM 
CF * VAC 7? EXPECT 
CF CORRELATION 
CF » VAC 7;? 
isp, test 
i$p, Site vacuum 

tip* VAC it MCfrtCftfr 
ISP, TOK* TEST CONDITIONS 
ISp fc,FF tr IENCY 

enerot Release efficiency 
C^STaR* ode 

ISP# oof* TEST 


PERFORMANCE DaTa 
UN I IS 

PSlA 

PS I A 

u\r 

LdF 
PS I A 
Ltf/r+3 
Lft/FT 3 

tM/src 

LB/SEC 

LB/SEC 

Q/F 

LB/ SEC 

% 

O/F 
Psio 
PSID 
PS 10 

oco r 

afu/sec 

Ff /SEC 
Ft/ SEC 

% 


an.w*»a* 

sec 

sec 

sec 

S£C 

% 

% 

FT/SEC 

sec 


CALCULATED value 

II*. *0! 

1 OR, 6 A3 
4364*897 
4381*407 
• 380 
55*571 
90*047 
6 *S 6 i 
10*303 
16. BBS 
USTO 
0 
0 

I *679 
5? « 476 
35*t&4 
8*973 
184*364 
a64,a97 
5493,6*5 
5491 , 6 $& 
96.322 
1 *516 
1,5*2 
i-514 
100*466 
1.786 
*56,821 
/S9*«00 

304 * 9 Sf 4 

*74.466 

77*448 

95.9*0 

S703.441 

335,451 



6ft QMS 


M APR C 


p 

IWjEXgfpV We ~ INTgoWAfiolMtWoWAIte ffetf* 
SeautMCE 8 


tfffiLlfe&l TL #E«UlMCi 8 TEST 7 

T|ST OE|cHlPttOR‘ ■ 

**•*"«: »C«;WWAWCg and HEaT TRANSFER EVALUATION without «lc. 

c/o INJECTOR 9/Hl m* PfcUOSEQ). 9 TO i NOZZLE. UNSATIWaTCD 

mhhfnto uc r fu e l). TapoeT pcns ■ {*»•• «R ■ his. 

ACTUAL TEST DURATION 1 0.066 SEC 

DATA SLICE TINE 0.900 SEC TO 


PARAMETER 

FUEL Tank press 
OXIDIZE* TANK 

FUEL INTERFACE 

nXr n f niifr bg 

iNrj^Kf 

r/c coolant 

TOELINUecfOR P 




0*IDUE« IHJEcTON PRK 
Chamber PRESSURE NO , l 
chamber pressure NO* 
A*i*t IMRUSti “ 

AXIAL THRUST. SYSTEM 
T*SJnfS THRUST 

i » axis Thrust 

XYIPAOC'CECL 
CLLLPReSSUKE 
FUfE FLOWRATE 
oilOlZCN flOwraTC 
r UgL !Nt|R F AC| - 


PRESSURE 

_ PRESSURE 

■ 




MPeRATURE 


OXIOUEM INTERFA 
T/C^COOfcWT IN T 
t/C COOLA NT out TgHPCRltOig 
INJECTOR SC^Ffta-fENP|fiATW»r 

SURFACE TEMP -I® | 3 ’ 


/c surface Temp -is In 
-tFtrsuRWw*- temp -ir 
T/c surface Temp - 
T/e SU RF ACE f l wP - 4 
r/c *u«?A$i T|hp - s in 
T / c surfa c e Tem p «o f s in - 


10.000 SEC 


iwlTs Ave, f 

ICASUREO YAl 

PSlA 

zazTzib 

PSIA 

245 . 4*1 

PS.| A 

231 . 3 ®* 

■■■■ PSIA " — 

2 * 3 . 21 * 

PSIA 

22*. SIS 

rstar 

2 T 0.993 

mi a 

p MIA 

81 T .*|2 

1 44 "1ST 

Hi* 

l tS § j»r 

i* 5 »* 7 V 

nr 

5540 , 89 ® 

L 0 

8595 . 7*9 

nr 

- 33 , 4*8 

tif 

20 , 7*8 

HW 

• 0*2 


48*8 

<PfT 

57, **3 

®PH 

70 , 3*8 

OPT 

- 0 

0£0 t 

0 

ofe« r 

44 , 8*1 

DEG f 

|* 4,*37 

dig r 

139 . 7 X 7 



060 


. tin* ♦ 

xOot*NT-tN NSNtrW .1 
nozzle flange top temperature 

NOZZlCSURPACETENP ♦ 8 . 0 IN 
wOZZLE SURFACE TEmP ♦ f.# In 


p 

r 

F 
F 

r 

BE® F 
OS® p 

‘ MRrr : 


p 

BE® F 

Of® p 

OE® F 


24 S»a *9 


* 

172*207 
l®». 3»7 
. 2W,S®9 
l AS. of 0 
1 * 9,342 
128 . 7 ®S 
100.802 
70 . Iff 
1 230,408 
S«i*.3®3 







6K OMS ENGINE TECHNOLOGY 
SUPPORT PROGRAM 

ROCKlTOYNe INTEGRATED HAHoWARC TESTS 

DATE 01 APR A 

SERIES RO/lHT-l SEOUEnCE 8 TEST ? 


performance data 



UNITS 

calculated value 




PC, INJECTOR end 

PS14 


PC, NOZZLE STAGNATION 

PSl4 

*37.672 

A*IAL THRUST. SITE 

L6P 

5561.223 

A*IAL THRUST . VACUUM 

iM 

S499.9L9 

nozzle e* IT pressure 

P$U 

♦ 093 

FUEL DENSITY (MNH) 

Uj/FTJ 

55.565 

OAIDUER OENSITY 

Ltt/PTJ 

90.103 

FUEL FLOWRATE 

UUSEC 

T* 153 

oAioizeh FLOWRaTE 

UT/SCC 

14. l«J4 

TOTAL PROPELLANT FLOWRATE 

LB/SFC 

zi.zTa 

MIXTURE ratio (OVERALL) 

0/F 

I#9t4 

3LC FLOWRATE : 

m/wc 

0 

8LC TOTAt PERCENT 

% 

0 

corf mixture ratio 

Q/F 

1.974 

fOel injector oelta-p 

PSll> 

66.flt5 

oxidizer Injector oelta-p 

ps io 

73.494 

t/c coolant OElTa-P 

PSlO 

13.523 

t/t COOLANT 0 ELTa*T 

ors F 

149*794 

THRUST CHAMBER ME*f FLUX 

BTU/SEC 

1021 .905 

C'STah. site 

ft/ sec 

5517.630 

c-star. uhr 

rr/scc 

$517,630 

c-sTah efficiency 

:% 

97.319 

CF, SITE 

»«••• 

l.$36 

CfSTTE "VACUUM 


1*539 

CF, VAC ?a EXPECT 

«Mm«PW»0« 

1*537 

CF CORRELATION 


99.432 

CP, VAC tg. 



isp. Test 

SEC 

363.302 

ISP. SI ft VACUUM 

SEC 

%t 3.22a 

tip, VAC'TZPREOICTEO 

SEC 

108.9t 7 

ISP. TOR, TEST CONDITIONS 

sec 

376.922 

ISP EFFICIENCY 

* 

76.3$$ 

energy Release efficiency 

■i. 

96.039 

C-STAN, OOE 

FT /SEC 

5469.634 

isp. ODE. TEST 

SEC 

344.743 





6K QMS ENGINE TECHNOLOGY 
SUPPORT PROGRAM 

ROCKETdYNE INTEGRATED HA«OWARt TESTS 

PATE 01 APR A 

series Rjj/iHt-i sequence a test * 

TEST DESCRIPTION 

engine Performance and meat transfer evaluation without «lc. 

L/O INJECTOR S/Nl (DEC PLUGGED) i » to 1 NOZZLE* UnSATURaTEO 
MMM/NTO Uo F FUEL*. TARGET PCNS ■ il0.» MR ■ i,6S» 

ACTUAL TEST DURATION lO.OlI SEC 

OATA SLICE TIME 0.000 SEC TO 10.000 SIC 


PARAMETER 

FUEL Tank pressure 
oaidUcr Tank pressure 

FUEL INTERFACE PRESSURE . 
oaiduem InTERF ace" PRESSURE 
T/C COOLANT INLET MAN. PRESSURE 
FUEL INJECTOR PRESSURE 

oXioizer injector Pressure 

CHAMBER PRESSURE NO. 1 

CHAMBER pressure no. ? 

AAJALTMRUST. SYSTEM A 

a*ial Thrust . sTstem » 
t»*xts Thrust 
/-AXIS THRUST 

AVERAGE cell pressure 

CELL PRESSURE AGREEMENT 
FUEL FLOWRATE 
ClAIOlZEM flowrate 
fuel in t erf ace temperature 
OX lOl zeh interface temperature 
T/C COOLANT IN temperature 

t/c coolant out temperature 

INJECTOR SURFACE TEMPCRAtURE 

t/c surface Temp -To In 

T/C StWf ACE temp »13 IN 

t/c Surface temp -io in 
t/c surface temp - g IN 
t/c surface TEMP - 6 IN 
t/c surface temp - * in 

T/C SURFACE TEMP - 2 in 
T/C SURFACE TEMP •O.JlN 
T/C SURFACE TgMP ♦ 3 IN 
COOLANT TN MANIFOLD SKIN 

nozzle flange top temperature 

NOZZLE SURFACE Temp * B.O |N 
NOZZt r E SURFACE TfcMP ♦ 9,0 IN 


UNITS 

AVG. MEASURED VALUE 

PS I A 

IS*. .119 

PS I A 

U3'$*l 

P%i A 

176*056 

PSIA 

i7o».«a« 

PS I A 

171,992 

f*STA 

166.432 

PS I A 

t 53 , 7*1 

PSIA 

i 13.1)21 

PSIA 

115.656 

Wf 

*;i8i.ti®9 

i «r 

4393 #042 

L«F 

-26,589 

L8F 

21*607 

PSIA 

• 067 

% 

*663 

GPM 

49.645 

OPH 

53.940 

m® r 

0 

QE® F 

0 

tm r 

44.345 

deg r 

237*716 

om f 

139.912 

DEG F 

? 39, 023 

oc® r 

247.34? 

deg f 
0 £G r 

24*. 90S 
170.457 

or © r 

194,602 

OC® F 

218.467 

or® f 

145.80S 

or® f 

j 4T .7*7 

Of G F 

Uft.aoa 

r 

107*464 

or® r 

77*802 

ore f 

IS99.TS2 

oce f 

1333,672 


op 


pooh 


Ttrg 





6K OMS ENGINE TE- HNOLOSt 
SUPPORT PROOSaM 

. ROCKETOVNE INTEGRATED HA ROW ARC TEST', 

DATE t)l APR A 

stHits %/jht-! sfouence e test <, 

performance data 


PARAMEltR 


PC, INJECTOR end 

pc, nozzle stagnation 

A* I At THRUST, SITE 
**I : *t THRUST. VACUUM 
NOZZLE EXIT PRESSURE 
FUEL DENSITY (HHH) 
OXfotZER DENSITY 
FUEL FLOWRATE 
OAIOUEH FLORRaTE 
TOTAL PROPELLANT FLOWRATE 

mixture ratio (overall! 

(3LC FLOWRATE 
HLC TOTAL PERCENT 
CORE MIXTURE RATIO 
FUEL INJECTOR OElTa-P 
; OXIDIZE* injector oelta-p 
r/c coolant oelTa-p 

T/C COOLANT OftTA-t 
THrUST CHAMBER HEaT FLUX 
C-sTar.'SITC 
C"*ST AM. UHR 
C"StAR EFFICIENCY 

. CF, site 

CP' SITE VACUUM - 

CF. VAC ?2 EXPECT 

CF CORRELATION 

CF . VAC ?g 

ISP, TEST 

iSp. sifE vacuum 

ISP. VAC TT PREDICTED 

ISP, TDK, TEST CONDITIONS 

ISP EFFICIENCY 

ENEROT RELEASE EFFICIENCY 

C-STAR. 00E 

JSp, ODE, TEST 


ITS 

calculated VALUE 

wt*wat«i - 

mm wih»n to mrm w» «»— ■» 

PStA 

UA.rse 

PSiA 

109.001 

ter 

4387. {)66 

t&r 

4403.275 

PS1A 

,079 

t^/FtS 

55. SOS 

Us /FT 3 

VO, 051 

LB/SEC 

6,072 

t«/SEC 

l0.«22 

ta/sec 

16,»94 

o/r 

1.TB2 

ts/sec 

0 

& 

0 

OVF 

1 . 782 

PSlP 

AS, A 

PS ID 

30,045 

PSIO 

11,540 

OEG F 

193.372 

pfU/SEC 

839,480 

FT/5EC 

5502,209 

FT /SEC 

5502,209 

* 

96,433 

m m mmm 

1 .51 8 

mmmmm 

1.524 


1 .527 

mmmmm 

99.8*0 

«**»•'*•*• 

1.789 

SFC 

259 • gOa 

$£C 

250 # 6*3 

SEC 

305.943 

see 

2t 6,616 

% 

76.387 

% 

98,497 

Ft/ SEC 

S705.7OI 

sec 

341,213 






eK ONS ZmtHt TECHNOLOGY 
, SUPPORT PRoORa* 

ROCKtTOYNt INTEOPaTeO WA«D^Rt ttftS 

DATE o I APR 4 

SCRIES Ap>lHf»i SfOUE^CE ft TEST 9 

T|$T DESCRIPTION 

EHftj[N£ PEHEOHHANCE AND H£aT THaNSFEP EVaE^aTION WITHOUT mLC* 
L^O INJECTOR 5/Ni t£LC PLUGCFO) « 9 TO 1 NOjtftE* UNSaTURaTEU 
mMH/NTO Ud F FUEL)* TAP6CT PCNS » HQ»* * l*HS* 


ACTUAL TEST OUttAtlON hi* 008 

data slice time 9*000 sec to 


PARADE TCP 

rvet tam« pressure 
witnim tank pressure 
FU£L INTERFACE PRESSURE 
0*101 ZEfl' INTERFACE pressure 
T/C COOLANT INLET man* pressure 
fuel twaieToR pressure 
oAiuuiR injector Pressure 

CMAH8CR PRESSURE NO, f 

CHAMBER pressure no* 2 
ax i al Thrust ♦ system a 
axial Thrust* ststtw & , 

"TPRX T S ' '' TRROST 

/-axis Thrust 

AVERAGE CELL. PRESSURE 
CfcLL PRESSURE AGREEMENT 
FUEL FtOwRATE 
oxidizer flgmraTe 
F t^IF<fEHr*CETt»PER*Tl«E 
OXJoUtH INTERFACE TEMPERATURE 
T/Z COOLANT in TtNPtf**TU«t 
T/C coolant out temperature 
Injector soheace temper a tore 
T/C SURFACE temp -IE IN 
t/c SORf Ate TtMP *13 IN 
f/c SURFACE TEMP -10 IN 
T/c Surface temp - e in 
T/C SURFACE TEMP * * IN 
T/c SURFACE TEMP - A In 
t/c SURFACE TEmP • 2 IN 
T/C SURFACE ftwP *0.3 tN 
T/C SURFACE TEMP * 3 IN 
CiWL *Nt~tR MANIFOLD SKI N 
NOZZLE FLANGE TOP TEMPERATURE 
NOZZLE SURFACE TEMP *8.0 IN 
NOZZLE SURFACE TEmP ♦ 9.0 IN 


SEC 

18,000 SEC 


units 

A VO. MEASURED 9 ALOE 

PStA 

175.202 

PS I A 

188.770 

PS I A 

107,974 

PS I A 

173.791 

P3f A 

100,691 

PftA 

155.490 

PS I A 

150.499 

P$l A 

1 13.457 

PS I A 

115.278 

LW 

4308,400 

L9P 

4380.384 

lbf 

-27.002 

ust 

I9,$3T 

PS 1 A 

.(Vt6 

i 

.052 

bph 

45.781 

&PH 

55.917 

m* f 

0 

0£G F 

0 

oe<* r 

44.271 

oeu r 

252,2*1 

oiG r 

1 46.842 

r 

250.014 

ato r 

?S9.V*7 

oe o r 

251.586 

BEG F 

173.267 

Ol'O F 

203.670 

DCU F 

225.027 

Of G F 

152,305 

rrro r 

152,205 

OCG F 

130.906 

oeG f 

105*405 

ueo r 

05,008 

DC® F 

1249.775 

olu f 

1450. 7« 7 







WTt 61 APR 4 
S|«kS RO/IHf-j 


6K o«S ENGINE TECRROLOOY 
SUPPORT PROGRAM 

ROCKET DYNE JNTE6«ATfO HARDWARE TESTS 
sequence o 


TEST 9 


parameter 

•R«P«KM« 

PC, INJECTOR END 
PC, NOZZLE stagnation 

A*IAL THRUSt* SITE 
AXIAL THRUST • VACUUM 
NOZZLE EXIT PRESSURE 
FUEL DENSITY (MHH) 

0* jDIZER DENSITY 
FUEL FLOWRATE 
OAjOUtM FLOWRATE 
total PRoPELLANT flobrate 
MIXTURE RATIO < OVERALL* 

sue FLOWRATE 

MLC TOTAL PERCENT 
CORE MIXTURE RATIO 
fuel injector OELTA-P 
ox jo i zer Injector oelta-p 
T/C COOLANT OELTa-P 

t/c cool ant oelTa»t 
thrust chamber heat flux 
C-STAR i SITE 
c-star* UMR 
C-STAR EFFICIENCY 
CF, SITE 

tf" sit£ t s cuwt~ — 

CF.VAC »? EXPECT 
cP CORRELATION 
CF, VAC T2 

lip* TEST 

isp, site vacuum 

TSPV VAC TZ PREDICTED ~ ' 

ISP, TON, TEST CONDITIONS 

tip efficiency 
ENERGY release efficiency 
c-stap, act 
ISP, OOE, test 


performance data 
units 


PSlA 

PSlA 

LBF 

L«r 

PS I A 

U/FT3 

LR/FT3 

L0/SFC 

lh/scc 

LB/SEC 

O/F 

LM/SFC 

% 

O/F 
PSIO 
PS to 
PSIO 
0E« F 
BTU/SEC 

rr/src 

FT /SEC 

% 


see 

see 

sec 

sec 

% 

% 

rt/sec 

sec 


CALCUtATeo VAtUC 


114.368 
106 *649 
4 if 4. 393 
4392*646 

m # 6^7 
90*933 
5*667 

n#«if 

16**83 

1*979 

0 

a 

1*979 

41*122 

42*131 

9.601 

207*980 

842*691 

5487*827 

5487*827 

96.613 

i * 3 i 9 

1.525 

1.538 

99,1*2 

1.7*0 
259.693 
260.175 
303,3*3 
*75,593 
75,454 
95*652 
5668.370 
344, ft 1 1 



6K 0M5 ENGINE TECHNO LOOT 
SUPPORT PROGRAM 

ROCKEToYNC INTEGRATED HAHoVARE TESTS 

„ 0*77 OlAPR A 

SERIES «0/IHT-i SEQUENCE a TEST lo 

TEST DESCRIPTION 

engine performance and heat transfer evaluation without «lc. 

L/O INJECTOR S/Nl (8LC PLUGGED! » 9 to 1 NOZZLE. UNSATURaTEO 
mMH/NTO' UO F FULL I. TARGET PCNS « t2S.» M>» » 1,65. 

ACfliAL TEST DURATION 10*066 SEC 

DATA SLICE flRE 1«Ht SCC To 16. 060 SEC 


PARAMETER 


UNITS A VO, MEASURED VAL 


tank pressure 
o*ici ue« tank pressure 
FUEL INTERFACE PRESSURE 
OAfOIEEH INTERFACE PRESSURE 
T/C COOLANT INLET MAN. PRESSURE 
"FUEL INJECTOR PRESSURE 

o*ioi*£M injector pressure 

CHAMBER PRESSURE NO, 1 
CHAMBER PRESSURE NO, 2 
AAJAL THRUST , SYSTEM a 
aMaL THRUST, system b 

t-atts Thrust 

z-axjs thrift 

"AVERAGE CELL' PRESSURE 

CELL PRESSURE agreement 
FUEL FLOsRfite 
0*10 I ZtH FLOWRATE 


0*10 I ZE« INTERFACE TemPeRaTURE 
T/cTC00LanT In TEmpeR aTORe 
t/c coolant out Temperature 

INJECTOR SURFACE TEMPERATURE 

t/c' surface temp 

dfc M M X. 1 LNk RR A 3 k 4 if. . . A . 

t/rwwWCE TfcwP 
f/c SU^ACC n#P 
itm 
imp 


PS 1 A 
PS I A 


F SI A 
PSTA 
PS t A 
PSIA 
PS I A 


tar 


PSIA 

ft- 

gph 

GPW 


t/e suj#*te 
t/c SUMACS 

T/C SUPfACt 
T/C SUftFACC 


nx 
•to 
» n 

* -6 
* A 

£ 


IN 

IN 

IN 

i« 

In 

in 

IN 


r/c sur f ac e tcwp-«tu3 tN 
T/C SURFACE temp ♦ 3 IN 
COOLANT" IN RARtFOLD SKIN 
NUZZLE FLANGE TOP TEMPERATURE 
N©r*Lt SURFACE TEMP > 0.8 In 
NOZZLE SURFACE TfWP ♦ 0.0 In 


CEO 

OE0 


225.346 
EES. ESI 
214.3*0 
zos.sSv 

207.646 

192,365 

106.373 

131,997 

133.3*9 

5065,827 


-29.881 
23.1*1 
.077 
.851 
56, 64-2 
62.008 
0 


0E« F 

0 

QEG IF 

♦4.3*4 

oe-g f 

232.167 

DEG f 

146*073 

OF.G f 

836.406 

DEG F 

241,493 

OCO f 

239,32* 

OEG f 

162,292 

ore » 

167,954 

OES 1 

211.452 

OCO f 

168,749 

0E® F 

T 141,854 

DBG W 

122,383 

BEG r / 

112.927 

DEG 1 

. 70,638 


1471.934 




**% 8 * 





w*TE eT~*P*r* 

series «o/iHT-i 


PARAMETER 


*>K OHS ENQlN£ TEfHNOtOOY 
SUPPORT PROGRAM 

ROCKEfOYNC INTEGRATED HA**OWAHt TESTS 
SEQUENCE « 

PERFORMANCE OaTa 
UNITS 


pc, injector end 

PC, NOliLE STAGNATION 

axial thrust; site 

A* I At THRUST, VACUUM 
NOZZU.CXIT PRESSURE 
T«Et OENSITTTNMHf" 
OAJOIitR DENSITY 
FUEt FlOWRAtE 

OAiOjZEHPcdVftATE 

TOTAt PROPELLANT FU3VRATE 
MUTU RE RaTIO IOYERaLL) 
atC FLOORATE 
etc TOTAt PERCENT 
CORE MIXTURE RAtlO 

Fuei Injector oelta-p 

OXIDIZER INJECTOR OEtTA-P 
T/C COOLANTOELU-P 

T/C COOLANT OtctA-T " 

pRUST CHANGER HCaT flux 
TAR.SITE 
C-sTar, omr 

^ I w. AajGEjH ^ |gh M I I _ 

C“STaR efficiency 
* 8*' sitf 

c f - i ftte vxc ogM — 

, vac ra'ExpccT 

f CORRECSTTON ' 

, VAC TZ 


Site vacuu m _ 

I$p! tor, TEST CONOITIONS 
r» EFFICIENCY 
ENERGY RELEASE EFFICIENCY 
0«STaR, 0Ot ' ■ 

isp, oot, TEST 


PS l A 
PSIA 
LRF 


P5| A 

ti/Ftj 

LB /FT 3 

UR/SCC 
CM /SEC 

U/src 

O/P 


% 

o/r 


oco r 
afu/scc 
rf/src 
rr/sec 
% 


sec 

5£C 


% 

* 

rr/scc 


frst io 


CALCULATED value 


132* ft* « 

»074,4t3 
5092. 9 I* 
,0«9 
55.5*8 
90,047 

T.oia 

12.4*0 

19.453 

l.TT* 

““O' 

0 
u 
,S9. 

S3* 


187*8*3 

94i«ass 


• lie 

5§2A.lI« 
98.841 
U1 


vvlflto 

i.fW 


2*1.80* 

307,30« 

2T7.0G7 

T*,7 To 

95.5*1 

5706,6*2 

3*1,087 









